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of joints | in 1 concrete Pavements, to. provid 


ad contraction, and the means 


ar in 
bars, ‘thé embedded a 1 the 

‘slabs, long been fe purpose. The importance of inatalling 


will ‘recognized since deel installed, will: not 

pedal the concrete. im This | paper describes an investigation to determine 

the accuracy with which road- building « contractors were ‘installing dowel 

bars, another investigation which n to determine, 

_ experiment, the degree of precision” necessary to assu 


acc 


of ‘Indiana, 1-i -in. joints” are installed in concrete 
_ 80-ft intervals, with a transverse contraction joint in the center of each 80-ft_ 

As a means of. _transferring load across joints, dowel bars of 
steel (0. 75 in. in diameter by § 24 in. long) at 12- 
centers, are placed in the pavement across all contraction joints and across Nes 
Some types expansion joints. To prevent bond, the bars” are coated with 
asphalt paint and are also oiled. Fig. illustrates an assembly of 

twenty dowel bars wired to two spacer bars, ‘installed across 


and contraction joints in 20-ft ‘pavement. 


velopment Engr. Moulding-Brownell Corporation, Chicago, Ill.; formerly Engr. of 
er and Tests, ‘State Highway Comm. of Indiana, Indianapolis, Ind. 


Research Engr., State ‘Highwa Comm. , Bureau of Materials and ‘Tests, Indianapolis 
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‘between them 


vicinity £ the 


‘EF 


Dowel Bars, 3 2 "> x 24" one 12" on 


installation of dowel bars contraction 


trength of the ‘cross-section a In ‘his case 
contraction joint will not fulfill its function and cracks” will occur 


wee 


i ‘the pavement at random if no provision had been made to locate 
m. In like manner, a a faulty featallation of dowel bars across an expan- 
joint will cause damage to the concrete, bars, or to both, when 


expansion | of the pavement reverses the and closes the joint. Ih 


such” damage, the joint will, not fulfill its function and there will be 


this case, , also, if the concrete and dowel bars offer sufficient resistance to 
provision for expansion. to avoid to the in 4 


hat their movement the and | finishing of the. 

Bureau o of Materials and Tests of 
‘State Highway Commission of Indiana, conducted a number of field tests 
(Special Investigation A-7 ) to determine the accuracy 1 with which dowel 24 
bars were being installed by contractors, a “dowel bar is 
n perfect ‘position, that is, perpendicular to the cross-section of the pave: 
“ment, the projected length of its axis on the Cross- section is s zero. The pro- 
ected length is « equal to the hypotenuse of a right ‘triangle, the altitude of 

which ch is the vertical error of the bar, that is, the difference in elevation 


"between the two ends of the with respect to ‘the surface of the pave- 


— 
4 = 
— 
> 
— 
quence, either the_ istorted or the concrete will be 

“| 
ou 

tutes a serio 4 
am qj. cracking or spalling of the concrete may occur. If the concrete is strong — 
— oh to resist b damace howeve be joint instead of being 2 plane 
—— 

—— 
— 

—— 

— 

— 

— 

— 
— 
— 
— 
— 
“ment. Lhe Ddase or the triangle 18 the horizontal error or We Dar, tat 


‘the ‘difference between the distances the of the 


| tv ends of the bar. - ‘Thus, dowel- bar error which, in this paper, is defined x 


as the Projected length 0 ‘cross- -section of the pavement per 22 i 


peng errors. Although the bars are 24 in, 
_ the field tests were conducted more ¢ easily by choosing points 1 in. inward 
from each end of the bar to represent the ends of the bar. In conducting 


the tests, data were obtained, by means of the apparatus described herein 


under “Methods “ Test”, from which it was ‘possible to compute the error 


“installing the bars v were “being ‘utilized, 


end bent the dowel bar or bar (see Fig. 


a 2. —SHEET Mewes CHAIRS OF THE PIN TYPE eee INTO THE SuB- GRADE (Test No. 6). 

(2) ‘Welded assemblies, consisting of heavy, wire, U- U-shaped chairs welded 

the spacer bars. The of the chairs are bent around 

bars and the horizontal Tests on the sub- 


‘Specially designed” which pan n the sub- -grade 
supported by the forms. s. The dowels. held during 


— 

— 
— 
— 
bit} — 
— 

— 
the | 
is 
Ave- 

on the holder. One type of holder is shown in Fig. 4. N 
photograph is available of one that is supported e1 


Combination of a a 


the holder is te the position of the 


“eross- section of ‘the pavement, thereby eliminating the objections 
‘methods in which the positions o f the dowels are governed by the contour = 
of the sub- ‘grade, which is never perfect; second, the ‘installation of 
dowel bars is accomplished more quickly and easily with holder 
with’ chairs. The first claim, of course, is based on the assumption that the 


is made accurately, is strong to resist distortion in hand- 


-— Installa ions of dowel bars across nine contractio 
expansion joints were checked for accuracy. These 
included the methods of dowel- bar support described in the “Tntroduction”. 
of a ‘conerete pavement and ‘the location of the plane 


determined by the tops” of 


bar a line the Galton which was definitely fixed 
respect to the tops of the forms. This reference 2 line, described 
consisted « of a steel, tape graduated to to 0.01 ft, riveted to the lower 


a 4-in. aluminum I- beam, ‘spanning the sub- grade and resting ‘on 


the tops of the forms, the points of ee: being three sharp pointed steel q 
rigidity with which devices held 


error 3 of bars (before concrete and also” their find errors 
(after the concrete been placed and finished), were measured. a 


oe ee necessary data for the computation of the initial and final | 
of each dowel bar in a given installation and the ‘movements of both 
of each bar that occurred during construction operations, Teadings 


ken as soon as the installation was completed and pronounced satis. 


factory by the inspector. The operations of ‘Placing and finishing concrete 
to which workmen stepped on the were observed 


As soon on as the finishing machine had passed over - the joint 


‘sufficient ec concrete. was removed from the newly 
expose both wel bar and permit 


~The results of Special Investigation 


nstallations checked, ‘the bars were in 3 
of the fourteen installations tested were in 20-ft Pavement and two were 


10- ft (widening the errors of 260 


termined. one ad an error 15 
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careless 
final 
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(Test No. 


HOLDER (T 


one bar w to perfect position. of this 
; ae investig: tion, a summary of which is shown in Table 1, _are expressed as 
the maximum, minimum, and average error (both initial and final) and 
maximum, minimum, and average movement of all bars in “each 
tion ested. Movement i is defined as the sum of the movements of the» ‘two | 
ends of a bar. In ‘some eases the two ends of a bar were moved in such 
that the final error. was less than the initial, that is, 
ment improved the position of of the bar. Ine general, however, ‘Movement 
had the opposite ‘effect. “Movement should not be » confused with the differ- 
bo between the - initial and final error since, because of the ‘directions of 
of the two ends, a bar ‘may move and yet have a final error 
to its initial converse ‘4s not true, however. Ifa a bar 


move, its initial and final errors are, of 


, SPECIAL 2 


Description of joint 

and method of 
installing bars 


Mini- | Aver- | Maxi- | Mini- | Aver. 
age mum | mum 


Contraction joints 
Bars installed Ww 
holders. 


0. 
0 0. 
0 0. 
0 0. 


Contraction joints. 
Bars mounted on 
ex 
Average... 


Expansion joints. 
Bars installed with 


holders unless 
otherwise 


.| 0.65 0. 16 0. 45 
* Tests were numbered in chronological order. wee: + U-shaped chairs resting on sub-grade and aaa.” 
+: to spacer oem, a ¢ Chairs, of the pin type, were nr (one to each — bar), in addition to the h holder. bit 


It will be noted that the best installatio ‘ested (Test No. 14, Table 1) 


was an assembly of | dowel bars, across an ex expansion joint, held in ‘position 
during the placing of concrete by means of a holder. — ~The average initial 
‘error was 0.18, the average final error, 0. 15, and ‘the average movement 
This is an instance in which the of the bars” improved 
‘their positions. The poorest installation tested (Test No. 11, , Table 1) 
was across an expansion joint in which the bars were ‘senetad at U- ee 
chairs welded to the spacer bars. _ These chairs rested on the sub- grade. 
average was 1. 16 and 1, 13 in., final. Quite » paradoxi- 


cally this was the” best installatio 


al 
am ‘ey 
— 
— 
> 
| 
J 
ao 
lt 
— 0.47 | 0.08 60 | 0:80 | 
“0.54 | 0.07 | 0.30 | 0.40 
0-50 0.76 | 1.16 1:15 | 0.37 0.15 | 0:55 | 0.13 
1-44 | 0.76 | 0.97 | 0.15 | 0.39 
0.98 | 0.25 | 0.57 | 0.97 
— 
— 
= 4 
— | 


DOWEL BARS ACROSS PAVEMENT 


he 


© 12 i 
across a joint in which the bars wore installed with a 


_ designed holder (Test No. . 9, Table 1). The average movement was 0.89 


in., and the ‘directions - of movement were such that the initial error was 


The results of the investigation indicated the need of information con- Ny 

cerning” the effect on the pavement of given degrees of error in dowel-bar_ 

placement. Since it is not feasible to require that every dowel bar in 

every be in perfect position, some figure specifying the permis- 

- sible error was desired. To arrive at such a figure by calculation : is an ae 
indeterminate problem because of the e complication of stresses induced both 

in the concrete and in the bars, due to binding between the concrete and 

the bars, when the joint | opens or closes. . The . problem is made more intri- 
cate by the fact that, in an assembly of twenty dowel bars, the e errors 
vary greatly ‘not only in magnitude but also in direction. An attempt at 


solution of such a problem would immediately “require a 


_ assumptions, the validity of which would be subject to question. 


4 transverse contraction joint in gin to ‘the 4ft 


through which four dowel bars were placed at (121 in. centers. s. The slabs” 


were made in groups of five, all five ne poured from the s same batch of Be 


ih ‘error) in in the other four slabs, they w were purposely set 
errors of 0.25 in., 0.5 in., 1 in. , and 1.5 in. ‘The second group > of ae _ 
made on a different day, were duplicates of the first group except that 
n. air r cushion expansion ‘joints "were "provided instead of contraction 
joints. Groups 3 and 4 were duplicates ‘Tespectively of Groups 1: and 
a for thickness, which | was reduced + to 5 in. In all, the test specime Si 


the slabs and the of a 
rors, will be more undertsood by. referring to the 


level, but a plan view that each ‘one has projected on 


* the ¢ cross-section of the slab of 1.5 in., and that they “converge ge toward the 


Teader. A plan view would sh show t the interior bars in perfect position 


- 

Be 
- 
‘Because of the apparent impossibility of an analytical solution Special 
Investigation A-8 was conducted to determine the permissible error by | — 

: ' experiment. The size and shape of test specimens decided upon, were slabs, 4 ee 
: 
. 
‘ah of 
Bee a é-in. — 
i slab containing a contraction joint, the dowel bars having an error of 15 ##§§$—— 
— 
— 
ou 
) 
— 
— 
d- _ these two bars. The end toward the reader, of the bar on the left, is we, 


‘DOW EL ‘PAV EMENT JOINTS 


reader’ position), w hich tendency is resisted by: the two outside 
which produce compr ypress ion (horizontally) in the half « of the s toward 
reader and tension in the opposite half. Consequently, opening the 

joint: produces stresses in the concrete and dowel bars which are not only 
severe but complicated distribution. same arrangement 


bar. positions was used. slabs" containing dowel bars in 


(b) E XPANSION Dowe.-BaR Error 
IG. 5. —ForM FOR THE FABRICATION OF A 6- SLAB. 


Bien The method of forming the contraction joint is also shown in Fig. 5( 


he pre-molded ma aterial with which contraction joints are usually 
is  ginvelated by a piece of wood, 0.75 in. . thick, having a vertical il dimension _ 
one- third slab thickness. weakened plane ereated 


installing a piece of No. 24 gage galvanized iron, , extending from the wood 

strip downward to the sub-grade. he dow el ars” “through semi- 


circular openings, 3 in. in. diameter, in the sheet metal. E xpansion joints | 


were formed by installing cork filler, in. thick, as shown in Fig. 
which also shows the ec corner “bracing used on forms to prevent 


distortion during the placing of the conerete. To give the cork ‘sufficient 
rigidity against bending during the placing of the cor concrete, it was s backed 


bars are. perfect position with -Tespect “to ero section of 


the slab—that i is, zero error. _ Anchor bars were installed i in ‘alla ‘of the 
slabs at the time of fabrication, as shown in Fig. 5, for attaching: the test- . 


is 


Ins addition to the twenty experimental slabs. containing common dowel — 
ars, thirteen s! slabs ‘were made for the study of another type of load- ont 4 : 


fer device. the ‘Purpose of this paper, however, the discussion 


93 1 1 1 the reader. of the bar on _ 
_higher_ than the opposite end. 1e_ end toward the reader, fj 
— 
— 
— i 
— 
— 
— 
— 
— 
| 
— ae 
— | 
— 
— 
— 
— 
— 
— 
— 
— 
— 
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ie 


— 


of ‘hint thre 


In the fabrication and curing of the “every effort, was made 


field conditions. The ‘concrete was of the same cement content 
and consistency as that used in practice the slabs were reinforced 


with standard wire mesh. The sub- grade was tamped : and sprinkled before 


Placing” concrete. All slabs were cured under wet burlap» during the 
first. ten days, a: after, which . they were ¢ exposed to the v weather. ‘From each 
batch of concrete, beams and cylinders were made which were cured in 
: the same manner as the corresponding slabs and tested at the same time the 
slabs were tested, thereby determining the flexural and ‘compressive strength 
f the concrete in the slabs at. the time of test. 
At the age of. 28 days” all” contraction joints opened a distance of 
0.75 in. and all expansion joints: ‘were: closed. The equipment used for 
opening and closing joints (chown in Figs. 6 and 7) was operated 
hydraulic jacks fitted with gages for determining the necessary loads. The 
data included records of slip, corresponding load, and notes, ‘supple- 
mented by photographs, describing the damage done to the slab for ‘each 
increment of slip. Within: a few after all contraction joints: were 
opened ‘and all expansion joints closed, the process was reversed and the 


contraction joints were closed a the expansion joints opened their 


original positions, thus completing one eycle of movement. At. the age of 


one year all slabs ‘were _ opened and closed nine more ‘times, completing ten 
cycles of movement, and then pulled entirely apart i in order that the 
cracking and spalling o on the faces joints could be 


Resuurs 


An 


pavement the errors as great as 2 
These damages occurred when the joints were opened toa width o of 0. 75 5 in, 
Tf it can be assumed safely that. contraction joint will never ‘open more 
than 0. 5 in., little concern need be felt about the accuracy with which rg. A 


bars installed. When opened width in.) the only 


1 bars are is important 

in expansion joints: than i in contraction ‘joints. An error of 0.25 in. caused 

aight spalling and when the joint “spaces were closed 0.75 in., to a width 

ties of 0.25 in. ‘(which | may occur in practice), errors of 1 in. “caused the slabs 
erack and spall. Typical: cracking: spalling shown 3 in 
8 and 9 9, photographs of a -in. slab, containing a expansion joint, in 


which the dowel | 1 bar error was 1.5 in., » after one cy ] 
ycles of movement Fig 9). 


DOWEL BARS AOROSS PAVEMENT JOINTS Papers 
a results is confined to those obtained with common dowel bars since they .” 
in so much more general use than proprie he entire 
— | 
— 
— 
| 
3 
i 
8a 
— 
i _ 
— 
4 ‘ = traction joints in 5-in. pavement will cause a very slight spalling of the — 
— 
— 
— 
— 
— 
— 
— 
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Fig. 8.—DamacE Done To Test BY ONE CycLe oF M 
AND DOWEL-BarR Error, 1 
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VEMENT JOINT 
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fo 
MENT (THICKNESS OF 
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— AB AS SHOWN IN Fic. 8, AFTER TE: 


=" 
ACROSS PAV MENT JOINTS 


1e slabs were unusually high. The of all: 
specimens was considerably greater than | 550 sq in., the State 


Fequirement for opening pavement to traffic in Indiana. The weakest con-- 


crete tested had a 28- -day modulus of rupture | of 670 ‘per sq. in, and 


compressive strength of + 010 Ib per sq in. lonsequently, no crac king nor 
spalling of the slabs an be attributed to inferior concrete. 


he loads required to open or close either | the expan- 
sion joints were less than in no case were they gee 


Al 


the wedging “of ar 


misalignment. “The loads 1 necessary to and ose the joints were not 

great enough to produce tensile or compressive stresse: approaching the 
strength of the the interior of the siabe—that ‘is, the parts in which no dowel 


ars nor anchor bars were present. This si statement. is proved ‘not only by 
omputation, | but by observation, » since 1 no transverse -eracks occurred. 


the slabs w were of “transmitting forces. so far in excess of ‘those: 
e dowel bars: “were 


be of are not. “given | in ‘this 
oe of general interest, however, the load necessary to close an expan- 


a width of 0.25 5 in. ease exceeded 4000 Ib per bar. 


To open contraction joint a width of 0.5 in. requil a load which, 
in no instance, exceeded 3000 Ib per bar. 

Based on the results" reported herein, it is recommended that common 
be “placed. with a degree of accuracy such that the error 
of no one bar an entire installation | shall exceed 1 in. = This degree 


precision \ will provide assurance that the relative positions: of all. the bars 


will form: a less severe geometric arrangement than that formed by the 
that were placed at Lin. errors the experimental slabs, since onl 


maximum error will reach 1 in. and many of the bars will have | errors 
msiderably less. The results of the field tests. (Spee ial Investigation 7) 


show that a requirement for accuracy to this degree will impose hard- 
the contractor. nit The vertical position of each bar can be checked 


quickly ¥ with a carpenter's level, as shown in Fig. and adjusted 


necessary, until bubble position ‘approximately the when 
level is set the forms. horizontal position can be made perfect | 


adjusting each bar so that the distances from each end to one of ‘the 


Since the total error (project ed length the 


of * bar is equal to the square root of the sums 


rtical and horizontal errors, the vertical and hori-- 


eens be as great as 0.707 i in. and still comply with this 
ific tion. If some type” of holder is used. to. install the bars, it should 


oe adjusted at the beginning o of the job and, provided it is always set on 


forms in correct position and does r not damaged in handling, 


a 
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ESSENTIAL CONSIDERATIONS I IN 


STABILIZATION OF | SOIL’ 


All soil mixtures commonly used. for road surfaces 
highly: stable at ‘some moisture content. his” is equally: 1e of 
Tess beach sands, “friable glacial silts, highly ‘plastic clays. Hence, 

every possible combination of sand, silt, and clay serve 


aggregate in stabilized soil, provided the right binder used 


cement the soil “particles together. Furthermore, the ‘moisture which 


soil mixtures into masses stable enough to withstand the “abrasion: pro- 
“duced | by racing motor cars n must have surface tension and viscosity ‘greater ‘ 
those of free: water. . On these two facts” ‘of soil 


“4 
The underlying principles rolved in soil stabilization and the possible 
means of its accomplishment are discussed without | attempting to evaluate 
the practical aspects: or “the relative values of the various methods. Par 
ticularly stressed is the application of ‘the collodial phenomena of cadsorp- 


tion and base exchange as ‘they “affect: (a) ‘Particles ‘of soil, sand, 

rushed rock, gravel, ete., comted with films air, water, soluble 

chemicals, "binders not soluble it in water; ; (b) relative adhesion 
between solids films; and (c) the of ‘the chemical composition of 


aggregat 
Construction methods, details of methods test have 
diseussed generally in another paper and will not | e included 
herein. Reports ‘Saeed in the Bibliography (which forms Append ix 
‘ to the paper) furnish more detailed information on the manner of apply- 


Note.—Discussion on this paper will be closed in October, 1937, Proceedings. 
| Presented at of the Highway Division, Birmingham, ‘Ala., October 17, 
? Senior Div. of ‘Teste and Research, Bureau of Public. Roads, 
Assistant Highway Engr., U. S. of Public Roads, 


* Numbers in parentheses refer the Bibliography in the 
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soil x mixtures (2); calcium chloride (3) ; sodium chloride (4); asphalt 


emulsion: (5), (6) ; asphalt, sub- oiling 1 method (1); asphalt, 


, tar (9), (10); Portland cement (11), (12) ; 3 sulfite: liquor (aa); 
molasses (18), (14); silicate electro-« -chemical treatment 


(18); application of heat ans "mechanical analysis” (18), (19); ; routine 
oil tests (18), (19); 2 ‘Proctor tests (20). 


soil particl have high attraction for air and, under proper 
conditions, become coated films ; have high attraction 


= 


enormously strong masses. ee hand, on 
soil solids strongly after a period of drought that will | 


The ‘power that ; plastic cl clays” possess of retaining their plasticity when 
mixed with sand or other non- -plastic material, is caused by adsorption of 
ne ‘solid by another. The e clay is not distributed uniformly through the | 
pores or interstices of the | coarse particles, but most of it forms a coat- 
ing on the non-plastic material and ma many of the pores ‘remain unoccupied — 
ven if there is more than sufficient clay to fill them. ie ode et | eae: 
For» water or other binder to soil ‘particles’ coated air, it 
must displace the air, which means: that the particles attract 
liquid more strongly ‘than attract the air. In like manner clay 
adsorbs different, liquids to "different extents; “that is, power of adsorp 


selective and under su suitable ¢ onditions one liquid will displace 


= 


Bancroft (21), (22) calls attention to thicknesses of adsorbed moisture 
films which have been found on different ‘materials as follows (in millionths 
of an inch): On glass of one kind, 5.1; on -giass of another kind, 3.1; if 
on sand (10), mesh, 11.0; on sand (60 mesh), 4.5; and on plastic wet 
“clay, 2.0. ‘The’ stationary film copper to be 0.000150 
0.000225 in. when water flowed rapidly and about ‘three times as much 
‘it flowed more slowly y over the copper. r. air between two 


‘pieces of 0.00 at 7 ‘sq cm a (0. 099 Ib per sq in. 


Som 


rium between attraction | of ‘soil particle | for water, 
alll: the ‘moisture i around the "particles film with the 


Fr 


s&s 3 


| 
— 
— 
— 
— 
— 
x 
ad 
— 
— 
gl 
— 
— ad 
j 
in 
— | 
— or 
— 
— «Cs 
— 
is 
— 
— 
— 
— 
— 
— 
— 
3 
J 
4 


+ 


t 

cluded that much of the film moisture is is held on the soil particles “i 
adhesion equal to, or greater than, the enormous forces “that fail to remove 


it. As a result of this great adhesion , film moisture is more viscous ~ 
— 


"The chemical composition _ of the soil” particles, the nature of ions 


adsorbed their surfaces, the moisture content, degree of ‘compaction, 
and temperature of the soil “control the thicknesses of moisture films, which 


Chemical composition of soil is indicated by ratio of silica to 
the combined i iron and aluminum oxides. This ratio is “en the silica 


ay 


gesquioxide tTatio and i is designated by e symbo high” 

slog, termed ~“podsols,” ’ consist of the highly -water- a 

bent, scale-like particles productive of high plasticity and ‘shrinkage. Soils 
high in iron and alumina, termed “laterites,” consist more of the bulky 

or spherical which. do not attract water strongly. 

colloid which holds hydrogen adsorbed on its ‘surface is ter 

ionized or or H-colloid. One with calcium adsorbed its surface 
termed a calcium- ‘ionized or Ca-colloid. 1 If a substance ‘like 
lime, Ca(OH), is leached through soil containing H- colloids, the calcium 
replaces the hydrogen to form Ca-~ colloids, and the’ hydrogen thus released 

combines with the (OH): to form water. Such exchange of ions: is 

‘The potassium ion is representative of those ions which undergo 

change when alternately wetted and dried. It has a true ‘diameter 

0.000000009° ine and Suspension becomes associated with 16 ‘mole-— 
~ cules of water, ‘thus attaining an apparent diameter of 0.000000021 i in. ae 
ion is representative of those ions which undergo gn great ‘volume 
change when alternately wetted and d dried. true. diameter o of 
 0.000000006 in. and becomes associated with more than: 120 molecules 


water thus" attaining» an | apparent d diameter of “0.000000040 in. Between 


at 
4 


potassium lithium: ‘other of t the m “more common ‘metallic ions can be 
in the order of their attraction for water (36). Therefore, a 

Potassium | clay would be expected to undergo the least, and a lithium 
the greatest, volume change under climatic Variations, Change of 
the surfaces of the clay colloidal particles « effects a change 
shrinkage, swell, the stability o of the soi 
The of ‘tee ions determines the relative acidity 


alkalinity. ‘It is indicated by t value may be 


f 


the reciprocal of the logarithm of the grams of ionized 
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he ‘greater ig the acidity of the liquid and the greater is its ‘base-exchange 22 
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‘elation between density “per cubic: foot of com- 


e of the i 


which | the ‘compressed, 
a series of straight 

“shown by the full lines” in Fig. = * The 
broken line in Fig. shows the “relation” is the density would to q 
moisture content if the samples contained no air. Ata any density, “the 


in | moisture contents indicated by the two: Tines represents the 


Fic. 1 _—RELATION BETWEEN DENSITY AND Content. 

‘The’ moisture contents at t which the straight lines intersect, indicate 


limits of four distinct ‘stages of wetting which the compressed samples 
4 
undergo before tl their r pores” become | completely filled with water. Wetting s 
moisture content of 20. 1% (Fig. 1) may” be termed the state of 
hydration, during which part of contained water. is s absorbed 


the soil particles, and 1 the is von their surfaces: in the: 


Moisture contents ranging 7 to 31. 1% ‘indicate the stage of 
lubrication. Part of the contained moisture now acts as a lubricant 
the ‘Te- arrangement of particles being compacted without, ; 
ever, all the air. Water excess of (31. 1% causes the soil mass 


swe ell, the air "content is not decreased until 


s between 
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The moisture content of the 
colloids. This, in turn, 
is 
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4. represent the stage of , during w which practically all 
the air is displaced and the soil becomes truly saturated. 
The “moisture content (31. 1% in this case) which maximum density) 


‘isa ttained | is is the optimum R. Proctor, M Am. Soe. O. 
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Errect or HARACTER ON PROPERTIES oF 


ies: water, or pore water, is that which fills the interstices remain- ‘ 
ing between ‘the outer surfaces. of the adsorbed ‘moisture films and hot 
pores between the surfaces of the soil particles: as such, The flow 
water through soil likewise oceurs between the films adsorbed on the 
particles. As result the speed : at which water percolates ‘through s soil, 


as well as the ‘Moisture contents indicative of some peers state of Senge on 


: soil, varies wherever the thicknesses of the adsorbed films change, in| 


some cases, when the viscosity of the free water changes. 


Ww interkorn (23), (24), 5) has shown ‘that, due to the change of th 


varied between 39 and , the plasticity index between 16 and 40, and ‘the 


Percentage of colloids: and 28. ‘The “moisture content increase, 


q em to 0, “verted 


wo 


Optimum Moisture Content, in Percentage by Weight | : 


30° 
100. 200 #21500 1000 94 #4104 50 200 500 
in Lb per In, ba Density, in Lb per ‘cu ft in Lb per Sa in. 
The optimum moisture 


APES 


imum dens y is” attained is not a 


‘Varies as” ompacting pressure The relations ‘optimum | 

moisture content to compacting pressures, attained densities, and 
2 

ties, a s indicated by the Proctor plasticity needle for one soil i 


at George WwW ashington University, are in 


1987 oF soms 1089 
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| 
causes considerable variation i in the indicated properties furnished 
tests. The test data furnished by A. M. Winterm myer, Assistant Highway 
Engineer, United States Bureau of Public Roads, and ‘Table 1 
disclose” ‘no effect temperature on the liquid limit Sam 9616, 


TABLE —Erreor OF TEMPERATURE ON, ‘Test 


J 


© 


Ning 


limit | index | limit | tlimit | index 


— 


Bas The liquid limits and plastic limits of both plastic s soils (Samples S-9617 j 
S-9618, Table 1 1) were higher when the tests were mate at the lower 
= temperature. corresponding in ‘the 


Soil was made, in | At test tempera- 


— 


q Fahrenheit per | centimeters 


0.0375 
47 <x 10-8 6.13 10-* 
df 3.49X 10-8 


4.54108 


e Coefficient of permeability of the sand was found to be 0.0481 


per sec at 85° F, as compared with 0. 0222 em per ‘see at 35 4 Apply- 
“usual correction for difference in viscosity of water (38), these 
coefficients become 0. 0390 cm ‘per see and 0.0375 cm per sec, respectively, 
er to be 
.. coefficient of permeability of the ‘clay soil was found to be 6. 47 
om per sec when tested at 72° F and 3.49 x 10* ¢ em per sec when q 
tested at 50° FL coefficients, when corrected for viscosity of water. 
at 68' oF become Res 10° cm ‘Der. sec and 4. 54 10° em per 
Sige Permeability tests made on samples of a similar at various voids 
a indicate that the decrease i in permeability due to the greater film % 
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a te is to 


the plasticity needle (20). data. (1f) that t the stability 
was 1400 Ib per sq in. compacted at 42° F; lb per sq in. when 
the temperature of the sample was “raised to 130° °F; 4 490 lb ‘per sq in. 
- when the ‘temperature ¥ was then reduced to 33° F; and, finally, 1100 Ib per — 
when ‘the temperature was again raised to 


» 


In the spplication of information now available on soil stabilizati 


“the “methods be depend largely on the availability of ‘required 
. In some locations, such as the southeastern part of the United 


"required but ‘the binder soil may be | of inferior Finally 


there are locations where there is of the aggregate required for 


Studies of the best of of natural soils” indicate that the 
_ requirement of stable soil mixtures ‘should include the following: 


The aggregate should be hard and durable enough to resist weather- 
traffic: abrasion, and crushing. Sound, tough particles or fragments 
gravel, stone, s ‘slag, or or combinations of them, ‘erushed to the ‘proper size, 

should” prove suitable. Certain types of shales and similar materials that 
and weather rapidly when alternately frozen and thawed, or wel wetted 


2 bo 


7 2 (2) The soil fines should be a a ‘eames me such as to provide graded mix- ag 

tures with the proper balance capillarity and adhesion without risk 

81 of ‘detrimental volume “change. It is particularly essential 

y do not swell enough in the presence of moisture to the clay to 

aa become a lubricant instead of a binder. 

ly, (3) When | local materials for the Proper proportior ning of 

value required in highly ‘stable road number of “admixtures “may 

be ‘used d singly or i some e combination. ‘There are, e, first, the chemical salts, 

te calcium chloride, dium chloride, ‘magnesium chloride; and second, 


indicate an increase in the effective volume of the solid particles o 3 

i 
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"grading and character required in the best of road 
some locations. binder soils and aggregates are _ for 
ly good 
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are - @) When only fine or poorly graded materials are e available, the asphaltic, 
as tar, and Portland cement binders may be utilized to provide stable base 


4 courses to be covered iolated cases heat 


; oe 2 in the stabilization of fills the Proctor method or some iilleiiin is 
receiving considerable attention | and for foundation soils, injection of 
chemicals and electro-chemical treatment furnish possibilities, 
MIXTURES AFFECT A NuMBER OF Ways 
mix 


‘surface, some chemicals may serve the roads in a 

q dup ‘condition. This 1 reduces the dust nuisance and facilitates the com- 
Bok (2) By electro- -chemical action, “chemicals and the waste products may tm 
serve to increase the density and stability of road mixtures, 
(3) By chemical action, the materials may combine with each soh 


other, or w vith certain of the natural clay constituents, and th thus form 


(4) The Portland ‘cement ‘and bituminous materials. serve the double 


is difficult to to distinguish between the -electro-chemical and the purely 
chemical actions of for increasing the stability of soils. How-_ 
ever, , singly o: or in some combination they seem to explain not only the 


‘performances of soil roads in service, but: also suggest relatively simple 


+4 


As primes and fillers » certain soaps, and hydrated 


Time, and ¢ ertain types: of stone dust seem -admirabl suited 
ing the a adhesion of bituminous b inders for certain soils. 
4 In edition to their deliquescent water retentive actions, the 


dhiloride salts, by electrolytic action, may cause ‘the compacted 1 mixture to 


5 attain densities greater than u untreated soils, ee they minimize the ‘volume 


ghange: of the binder which is productive of disintegration the untreated 


Fe - Mixtures of acidic and neutral materials seem to attain greater stability 


than that of either one separately. Limestone dust and certain slags seem 

admirably ‘suited for use a as. treatments, or with other admixtures 


‘soils. may b be in the case of siliceous 


In connection with the formation of natura colloidal 


cements two 


types of either ‘rock powders or clays must. be considered : Those which 


water or: wa tery 1 to the 
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degree, -like Is which 

To small of the sandstone, trap, limestone 
are thus made glue-like by water alone and more by water- 


soluble inorganic salts (13 
_ Experiments have shown that 1e cementing value mixtures of 
_ two ‘types of materials ( (those which soften and those which do not) 
is. considerably greater than the binding value of ‘either material “alone. 
Mr. A. S. Cushman and Prévost Hubbard, Affiliate, Am. Soe. E., found 
(13): (a) That by combining a granite with a cementing value of 3 and a 
limestone with a cementing value of 27, they obtained a cementing value of 
110 for the mixture ; (0b) that a granite powder which had a cementing value : 
of 10 when 1 mixed with water alone, had a cementing value of 44 when 
mixed with lime water ; and (c) that an amorphous chert which had a cement- Nae 
ing value of 6 when mixed with water alone, had a cementing value of 22 a 
when mixed with 4% of calcium oxide and water, and more » than 2000 © eee 
if As a result it has been found possible to construct low type 


only waste limestone or slag screenings treated with chloride salt 


solutions. With granite screenings ‘the addition small quantity o 


AND Brrvwisous 


3 Efforts to stabilize fine- grained soils by admixtures at lime and cement 


materials were made in Iowa and South Dakota as early 192 in 
several years later. ‘The results of this. early work were “not 
| but they should not be considered as indicating the 

possibilities of sv treatments, because the requirements the thorough 


heen 


stabilizing ‘soil bases: has been performed in South Carolina 
tate 1] Highway Department. purpose of work been 


evelop a base ‘material that at less cost than that 
af required provide one of properly graded sand clay or top- soi 


The results from these experiments were so promising that a num 
similar roads are being constructed other States. Experimental 

“base courses constructed with available soil. materials and the various 
“tars (9), asphaltic | emulsions (5), ar and 1 oils 8) show 


or. or-—Product from the crude 
under trade names, , for as 


ing various” 
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Ly Waste Sulfite Liqn 

h published results obtafned Dy te U. of 
yg the increase in compressive strength obtained by treat “Age 5 | 


binding base of the tested was in sehen, as a 
it was” found that frequent rains” tended to destroy the bond and r 
Tignin from the Ino order to offset, this attempts 
base its binding value by ‘admixtures of aaphaltic road 
s and deliquescent’ chemicals, ‘such as calcium chloride. 
In 1936 waste sulfite liquor, marketed under a trade name, was used 
for the treatment of gravel surfaces in New J ersey and experimented with 

by the State Highway Department of Washington for use primarily ; as a 

dust palliative, although tl the possibilities for its: use as a stabilizing agent, 
especially in well graded mixtures, have not been overlooked. 

Molasses Residues.- —A thick, sirupy liquid by- product obtained in the 

‘manufacture from sugar cane is ‘known ‘as “blackstrap” which, 
treated with quick 1 lime, forms compounds of ‘high binding value 
ae known as ealcium. suerates. Blackstrap, i in combination with oil and lime, 
apo applied as an experiment by the U. S. Bureau « of Public Roads on 


at Newton, Mass., ‘during the summer of 1908 (13), and a molasses- 


lime mixture was applied as a a. surface treatment < on a section of the 


Bradley Lane Experimental Road, Chevy, Chase, Md., ‘December, 1911 

(29). Within a year, however, r rains removed all traces of the treatment, 
causing the road to take on the a appearance of | an adjoining section which 

5 

In January, 1936 (14), attention was. ‘called to a practice in in the 
olden days, when a kind coarse sugar, m made by ‘evaporation from 
me the sap of palm trees, was added to lime to produce an improved quality 
of ‘mortar. With this a background, a “short length road surface 
formed lime -kankar treated and the “results were encouraging. 
kind of usually | occur rring as nodules in -top-soil, 


for making lime and in building roads in India.) In order to 
vent. the molasses from being washed away during» rains, slaked “lime 
a mixed Ww: with it, the laim being that the addition of burnt lime to molasses 
produces tri- -caleium sucrate, which is insoluble in water. 
Humate- —When is added | to a soil containing humus 
(24), the calcium “replaces the acidic hydrogen in humie acid, forming 
more stable so- -called calcium humate or neutral humus. 
Hilgard (30) ‘points out that there are several humates— (of lime, mag 
nesia, and iron) which assist in producing and maintaining ‘erumb struc: 
ture. When fresh, these substances are” colloidal (jelly- like), like clay 
itself, but, unlike the latter, when o once dried, they do their 
Uae plastic form by wetting. es crumbs thus formed are, therefore, quite 
permanent and contribute to the looseness: of uncompacted soils rich in 

= humus. One part. of lime humate is said to be equal in cementing power 

calcium binder «fies _ produced 
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Gin soil 
has been principally ‘imereasing the of 


TREATMENT WitHout 


stabilizing soils, described by Endell and ‘Hoffmann (16), metal electrodes 
are introduced into the soil at appropriate distances, aluminum always 
being» used for the anode and copper for the cathode. Direct current is” 
then allowed to pass between electrodes until the soil is hardened. Experi- 
‘ments were described in which a clay specimen had been brought into its 
container with an almost liquid “consistency, the water content being 
about 80 per “cent. After treatment for s some time with ‘a current of 
5 thal 14 amperes, at at 300 to to 500 volts, ‘the clay had b become so hard ¢ that ane 
on rod, 1 cm in cross- -section, failed. to penetrate it when placed 
ad der “load of 10 kg (2 2 Ib). Specimens cut from the side of this 
ck “nearest the aluminum electrode “neither disintegrated nor. o swelled 
during several months of immersion in water. 
Application of Heat. ut.—The essential features of this method of 
are illustrated | by method in the so- -called “black-s soil” areas 
in Australia, localities where the for gravel or crushed rock is 
excessive (17). slow- moving, down- draft ‘furnace a speed of about 
10 ft p per hr was developed at Sydney, ‘New South Ww ales, for baking the _ 
f soil in place and converting it _into a | brick- like material. The machine 
(see Fig. 8) is wood- fired, of the air- -gas producer type, on ‘a chassis on 


+ Direction of Travel 


Bg. 8.—Diacram or Fu 


Prior to ‘0 heating, the is graded to the desired | and the 
strip: to be treated is scarified to a depth of about 4 in. . As the machine 
advances over a particular aree, the soil il is first subjected to the exhaust 
gases and then gradually increasing temperatures s until the full in tensity 
of the heat of the gases issuing from the generator is reached. rk 
continuously day and | night, a a machine 6 ft wide completing about 
ft of roadway 18 ft wide per week. of treatment 
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j 
ob the treated are “down fairly 


ee ~ readily. ee: clay binder is applied to the broken material, the road i 


oe 4 shaped up and rolled again, and is then sian to be opened to trafic, 


anp ApMIxTURES ON 
effects of grading admixtures on stabilized soils” ‘compacted 
y the method (20) have been in some “detail elsewhere 


shown tabular form 


e effect of te 
ai gradings. on the densi i- 2 
ties obtained at equal compac- 
tive efforts and fairly constant 
temperatures ha has been 2 100 
n the “earlier study (if) Cg). 


in 


1, 
Fig. and ‘Table 3) ‘contains : 


80 
68% of clay, 20% of ‘silt, and” 
12% of ‘sand. At the optimum 
moisture content of 16. 
dry weight was 113. 0 lb per cu g 


ft as compared Sample Number 
‘ 4.—Errect or GRADING ON DENSITIES: 
of 129.8 per cut ft, OF COMPACTED SAMPLES. — 


3. OF (SEE Fia. 4 


a 


GRADING FOR SaMPLE Nos.: 


100 100 100 100 100 100 100° 
retained on a No. 20sieve. Nothing retained on a No. 20 sieve. t Nothing retained 
o. 40 aleve. retained on a No. 60 sieve. 


4 at 9.6% optimum moisture content for the excellent soil mortar, Sample No. 6 


Samples Nos. 2, 8, 4, 8 , Table 3, were obtained “by adding silt 
and sand to the r red clay represented by Sample No. . 1. An attempt wi was 


made to. obtain ‘proportions ‘Tepresentative of t the different fractions 
Sample No. 6 6. Thus, Sample No. 5 represents approximately the grading 
of the fraction of of Sample No. 6 that the No. 40 sieve; 
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0 OF ‘SOILS 


with Table 3, shows that a: as the otal sand is from 
that of ‘Sample No. to that of Sample No. 2, the weight of the com-— 
‘pacted mixtures” decreases and the | optimum moisture contents increase. 


In ‘Sample No. 7 an attempt was made to approximate the grading 


fraction of Sample No. 6 that was larger than 0.005 As would 
be expected in the absence the « clay fraction, 

be content is smaller than that of Sample No. 6, being only 8.5 per cent. 

The weight of dry soil ‘maximum density, however, is only 124.1 

per cu ft, which is 5. 7 Ib per cu ft less than that of the excellently. graded 

In the four samples, 8, 9, 10, and 11, Table 3, the sand, silt, 
clay fract tions | are constant, but the grading of the sand ae: is varied. 
ma maximum density of "Sample No. 8 of. silt a 


‘more nearly wniforn grain _size, ¥ “thei densities: decrease. 


on densities of compacted “samples ‘of the Manor, and 
the Iredell soils. s. Using the Arlington samples for illustration, it will: be a 
noted that admixtures of hypo “sulfite, sodium ¢ chloride, ferric chlor- 
¥ ide, and caleium | chloride, effect an ‘inonease in weight of dry soil per cubic | 


‘ight 
the ‘sample ‘treated witha. dle is less than that of the sample 


‘Fillers and Adhesives.—In_— Fig 5 @ shown. ‘the effects” produced 
other admixtures on. on the densities of different samples. The fact that 


of water- -soluble adh ives might thicker than those 


, the suitability of graded mixtures is determined by means 


sieve analysis of the retained on the No. sieve, 
sie e and hydrometer analysis of the f fraction passing the No. 10° sieve, 
and the Atterberg plasticity tes tests performed ‘on the fraction of the material E?: a 
passing the No. . 40 sieve, an effort being ‘made to combine n materials in 
quantities the » resulting ‘mixture wi will conform to the require 
ments of stabilized road surfaces. To this specifications: 
prepared on the basis of grading and the plasticity index. 
However, , any chance combination of ‘two mat i 
limits of the specifications may not be the best “possible combination. 
been “Miller (32), the specifications m may call for a 


4 12, for two given (aggregate 


is one combination having a defi Plasticity in 


. — 
| 
ed 
re | 
if 
| 
| 
| 
4| lower than that of Sample No. 6. As the, coarser sand fractions a Gis 
4) 
Al iii 
— 
— 
_ 
100 
‘ined 
silt 
was 
jing 4 
= 
aple aa 


OF 
¥ 


Z 
N 
=< 


| 
: 


4 


| 


June, . 


on five of Potomae River sand and loam. 

It indicates that the maximum density will be obtained by combining 
30% of the Arlington loam with 10% of the sand. The plasticity index . e 
of this mixture is 6 and should be used for control ‘in the 

“courses i in asphaltic emul- 
to be used, C. L. Me- 

Kesson, Am. Soc. Cc. _advo- 
cates he use of special id tests 

elsewhere (5). The mois- 

ture— content and quantity o of a 
binder required in soil base courses — ‘= 

"stabilized with Portland cement, 


and certain asphalts are deter- 


4 


means of the Proctor 6 


“Proctor tests are 


in connection with the 


construction of earth and Arlington Loam; t, Percentage of Total Mixture 


ed that a hin 


q 


w 


given type of equipment, ‘optimum moisture 
content, resulting density, and plasticity needle readings are shown by the 
curves. Likewise, for any desired embankment density, the equivalent: pres- 

sure that must be furnished by the rolling equipment, is disclosed. Vk ants 


To illusteate, let ‘it be that equipment, exerting 


of the “weight of dried “soil; 


ry ft; an 


at an ‘static: pressure 130 ‘lb. per sq in. 
resulting density is 99.2 Ib per cu ft, the plasticity needle 


‘The slopes of density- moisture content curves may be quite | different, 


shown in Fig. 7. Assuming that the moisture content can be con- 


trolled in the field within a range of 5%, a variation of 2.5% ‘above ~ 
_ below the optimum wo would be expected if the control value was set at the 


optimum moisture content. According to Fig. Ta), densities from (98.4 
per cu a ft to tb. cu a ft would be expected 
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a 
compacted at a moisture content of 
the resulting density should be 104.4 
4 , the embankment is to be constructed at an optimum 
— 
a ' 
4 maximum densities are the same. A variation 2.5% above and below the = ice 


> 


3 
. 7.— EFFECT OF MoIsTuRE “CONTENT VARIATION 0 ON ‘ae: 


WEIGHT OF COMPACTED SOILs. 


In the “mixing of s so binders, such clay Portland ce ment, 
is taken of the adsorption phenomenon 


per cu 1 ft a ind 100.6 lb per’ eu ft. setting ‘control moisture some-_ 
what above” the optimum. in the of the soil with a density- 

content relationship, tnt show n in Fig. 7 (b), is possible 
reduce ‘the variation in density. Thus, using moisture contents from 2.5% 
below to 2.5% ‘above 26. 2%, the resulting densities be 
Tb per cu ft and 100.6 Ib per cu ft. 

— 

rd 4 
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with aggregate, “advantage 


for thorough distribution it is c “necessary for the materials” to. be 
brought close enough association to the powders: 
Bituminous materials, in contrast, coat. the ‘soil more ‘Teadily after the f 
air ‘films have been removed by wetting the particles. Therefore, re, water” 
in -yarious quantities is used to obtain” the required distribution 


The materials have | by harrowing, blading, ete, portable 


Plants on the roads, and by means of set up at the source of supply 

Asphaltic: materials used as stabilizers in County, Missouri (7 

were introduced at desired depths below the surface of the loose road nix § - 

by means: of a a specially: “sub- oiler” (id). ‘is essentially c 

ri ch tooth and P 
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ZATION OF SOILS pie 

method of is , the prongs of a s- ition 


0 oller, or equipment that produces a similar effect, are required to pene- 


trate the u “unconsolidated material” and compact the layer from ‘bottom 
upward, in 1 order that the layer” of fine material may be consolidated 
uniformly throughout its thickness without stratification. 


ee on soil is another method being investigated. 


the development of soil stabilization the fact 
= thet the principal 1 means followed in poaaioen until several years ago involved | 
the use of granular materials. With the increasing demand for farm-— 
to- market roads the use of water retentive chemicals was found to be a 
valuable ‘supplement in the construction and stabilization of properly graded 
Attention was next directed toward the use of water- 
insoluble. binders, including materials ‘Portland cement, 
stabilizing poorly graded and fine- soils. 


e fol-— 
of the air film by wetting the soil 

(b) the liquid films stronger and ad more | lasting by u use of deliquescent: 
-retentive electrolytes; (ec) of waste aggregate materials 


provide the proper neutrality of a; mixtures; and (d) replacement < 


other insoluble binders in the stabilization of fine or poorly graded soils. a. 


—Admixtures which have been found unsatisfactory for treating road 
"surfaces es subjected to abrasion by traffic and action” of the climatic 
"ments m may provide benefit when used in base courses protected these 
influences by impervious” bituminous -surfacings. use of adhesives 
is ‘not expected or intended to render the soil sufficiently hard or tough — A 
resist the abrasive action of traffic, but simply. to render it resistant to. 
from capillarity and thus to retain same stability that the 
‘soil had at ‘the density obtained during construction. 


—Use of ‘natural soil with films, chemical 


liquid or air films with bituminous Portland cement , and 


compaetive This means lower cost compacting fills, 


ing 


dams, etce.. and less time required under equal _ traffic conditions for road 
mixture to “become stable. The latter is especially important in base- 


course construction the highest density is desired in the 


possible time, order ‘Prevent additional and, perhaps -uniform 


“compaction of the ‘course, after the wearing surface: is applied. 


The freezing point lowers the thickness. the ‘film 
Therefore, the denser the soil at relatively low m 


ess likelihood is there of 
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the _ iurnishes three distinct benehts to soil structures in service. The 
ver the films the smaller is the quantity of free water that can be released — 
ars Hf as the soil becomes warmer. Cons ently, soils with chemically thinned — — 
a8 the soil becomes warmer. Consequently, soils with chemically 
i 
— 
— 
— 
ind 
tor 
the ims freezing, even they consist 0 — 


alone. 8 
damage to coil to frost is obtained. 


“tn conclusion, it should be that | stabilization is as yet 


its: infancy. Laboratory tests are helpful for disclosing the e various possi-- 


Dilities of attaining stability of soils, but t their val value is limited the 
: constants furnished them are truly ‘constant only for the conditions 


of temperature, ete., at which’ the tests were 


The plasticity tests disclose primarily only the 


clay due to reversible phenomena. hey do not throw light on the presence 
i» of ‘colloidal cements that are likely t to develop as the soils dry out during 


Sin Proctor tests afford a a simple and promising means of determining 
optimum binder contents and degrees compaction required for the 
of given densities. The optimum density to which a given ‘soil 
should be compacted for greatest ‘stability in embankments is not as yet 
“capa known. n. It has been suggested that there is a theoretical o optimum for a 


time, after being to high during 


‘embankments, is also a question. Generally, t Pong on 
oil » at a “given location, exerted by the weight of the embankment above 


it, considerably than the pressure which the soil compacted. 
colloidal glue action could prevent such soils from swelling. 
swelling v were likely to occur to considerable degree there would seem be 
oan reason for compacting the soil with a a pressure ‘much greater than that sel 
oe produced by the weight of the embankment the soil is to support. ibe, Bee 
fact ‘that some soils” are particularly sensitive to ‘small changes 


‘moisture content ‘indicates that from a practical standpoint they are undesir- 


ers in n stabilized road mixtures ‘will re- e-act ‘quickly to in moisture 
content with consequent changes in stability and cementing 
‘The basic relationships between soil particles: and films 
are applicable to embankments stabilized soil roads, 


struction o of either type of structure. 


_ Unfortunately, tests are not as yet available for dinoting the effects ig 
»t 


of climatic variables” occurring during long periods of time on specially 

compacted and specially treated soils. As a ‘result much of the desired infor- 
“mation” on the lasting ‘effects of the base exchange, chemical actions, and 


ty especially produced film conditions must await the results of observations 0 on 


tabilized soil roads and ‘structures in service. 
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; Roads, ‘Vol. 17, No. 3, May, 1936; (a) p. 45; (b) Table 1, p. 48; | 
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REACTIONS IN RELATION TO 


FOUNDATIONS ON PILES 


1 


YNOPSIS 


ical literature dstng with foundation contains volum 


on the properties of clay, silt, mud, and the 


of 1 “Ke soils to loads transmitted through round or square plates of varying 


: ‘sizes. There has also been as much written n'the properties and reactions — 


0 of sand and other permeable soils unde various conditions s of loading. 


‘however, find a ‘lear of the behavior of a 

bination | of many soils, a condition ‘that is encountered | so. > frequently in ay 

th e construction of foundations. Even Jess frequen ntly one discover 
ap ublication that is written for the practical the: designer 


he co onstruction engineer who are ‘seldom ¢ equipped for this highly special- 
branch of ‘the: profession. Tt appears possible that if 
were directed tot the application of theory rather than to theory i itself nie a 
foundation. failures s would result. The attempt has been made in this paper, 
therefore, to use the ‘construction field as a source of information, and a 
correlate: the collected data on pile foundations under varying soil condi- 


tions 80 > that the reasons for success and failure become 


gravel, hardpan, or other substantial stratum, Very little is “known ot 
-skin-friction values or of the distribution of loads to the subsoils. and, 

therefore, ‘not known about the correct spacing of piles. It ‘wil 

be evident ‘that in 


ic 
he carrying “capacity of a single pile; and “that the carrying capacity 
of a cluster or or mat of piles seldom equals the value of a single pile mul 


Pied the number contained within the cluster, — 
ws 
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"The analysis is ‘interesting 4 
in that it the variety of soil extant and 
treatment, practicing « engineers, of this _ complicated problem. As 

recorded the boring « data the soils were of such an infinite variety of 
mixtures: a and in such an infinite variety of ‘Proportions that only th three 
examples will be ‘noted: (1) 5 5 ft of? sawdust, old paving blocks, and 
‘general refuse, on 25 ft of very soft and slushy 1 mud, changing | gradually 
“ to 5 ft of firmer blue ‘mud on sand; (2) 6 ft of sand and clay, on firm sand 
and silt, on coarse sand | and quicksand, on medium coarse gravel; and 
xt (8) 20 ft of hydraulic sand- fill, on 25 ft of ‘mud, on 5 ft of peat, on marl. 7 : 

x uring the construction of ‘ten Some ndations for the ‘Laurel Homes Hous- 

was: found on soils which may be described by the terms, clay, “bull liver,” 

quicksand. Within n the same area "were found twelve ve cesspools and 
one spring owing strongly during the drought the summer of 1936. 
Imagination cannot picture a mathematical treatment of such a problem. 
With no apologies, it should be stated that such inexact terms as quick- 

a sand, clay, the dirt movers’ “bull liver”, ete., are used throughout this: 

paper as describing the soils more clearly to the minds. of most engineers and 


contractors” than the correct technical terms. No piles were driven for the 


.. ing Project, | Cincinnati, Ohio, in an area of 85 by 150 ft, loam top- -soil 


: ea The driving of piles in the. widely v varying soils indicated by the fore- 
going, develop reactions as diverse as the soils themselves. In some 
= = instances a heave as much as 6 ft resulted, and, in ‘others, settlement fol- 


Added resistance to driving after rest resulted in some cases and 
lessened resistance to driving after rest in others. Frequently, shorter piles” 


alah required as more were driven in a cluster, , due to the eonsolidation of 


the surrounding soil, and ‘at times longer piles were required as driving 

problem may be by average data 


If the assumption is made that 


load pedis carried by the ‘soil below the pile-p points, and if the 


beneath pile- -points greatly in in excess of the average. 


~ 


on in America should 
other plastic subsoils. 


It is also that average, practice is at wasteful 


pile-points rest on firmer sub- strata. ‘Tt would appear, therefore, that where _ -Z 


piles have been driven in plastic “soils, the average design load er 
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| irse, that whereas only ¥ 
— f loads may often 0 
of the serious settlements of 
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4 
average would alan that where p have been 


driven to rock or other hard strata advantage | should be taken 


possibilities, such as increasing pile ‘diameter, pile the 


°% load per pile, and the unit load on the hard sub- strata. ¥ In addition, it must ped fe 
be a ‘apparent that end- bearing piles driven to solid “sub- strata present com- 


TABLE 1.—Beantn VALUE FO Piz Foun AT N 
4 Bearina ror Pie Founpations 


‘upon subsoil, 


in tons per © 
equare foot 


* Average pile spacing equals 3ft. Building Code of Cincinnati, Ohio. Average for fine 
- iat sand and coarse compact sand of Cincinnati Building Code. § Building Code of Boston, Mass. 


too much dependence upon of 


experience have to light | soil ch 


“serve as a besis for the -undérstanding of their reactions eg the driv- 
ing of piles. However, variations i in the water content or imperceptible 
~ quantities of other soils in combination change the results so ‘that at times — 


general, it may | be said that 3 Soils, to-day, are considered as solic Is 
definitely elastic in “some degree; compressibility varies from 


‘and gravel at the one extreme to gumbo and peat at the other; (3) sand 


under load compresses almost at once, whereas clay of low permeability 
which. water can only escape slowly under pressure, requires a long 
for permanent deformation ; and (4) undisturbed clay recovers con- 
ape of the depth of its ‘settlement when the load is s removed, depending ¢ 


The phenomenon of the -compressi 
nd 
‘illustrated « so many times by. by mean of compression and 
curves that additional curves are superfluous. It» will be instru 


to examine > a fairly common phenomenon » that “may 


the behavior of. the ‘more soils. 
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of ‘the: in ‘built through red and yellow 
clay, with miles of clay cuts and fills. Large carloads of ‘coal are hauled 
by heavy locomotives, producing heavy wheel loads. Observation of the a 
: track under traffic indicated that the clay sub- grade was originally very 
Ae elastic, the deflection of the rails under the passing wheels being consider- <a 


able, and the rebound being apparently equal to the deflection. For — 
after construction was” completed, more and more ballast was ‘sade’, and 
me the track was lifted time and again, until, finally, for valuation purposes, the 4 
b allast ‘was measured, and was found that the road bed immediately 
under the ballast had assumed the shape | of a ditch, 3 ft or more deep oa 
places. _ This would “mean ‘that the repeated application of loads over 
the clay until, after many 


"applications, permanent. deformation was ‘Teached, was 


impervious soil is considered as elastic, it should compres momentarily 
5 with the blow of the pile-hammer and rebound at once; or if the reaction 


n the e direction 
, and is in soils: ‘containing 


Merger: proportions | of sand or water. “If the ‘soil happens to be sand, the 


surface i is more likely to subside than to heave. If the sub-soils are alternate — 


beds of clay and sand, both and subsidence may occur. No definite 


a Neerty 2 Ft 


Elevation in Feet 


SZ 


SECTIONBB 
ARRANGEMENT oF ‘Puss AND ORDER OF DIVISION. 


the spring of 1932, ‘some ‘interesting pile were 


oe is ‘made on the site of one of the larger Government Buildings i in ‘Washington, 
0. (3)* Two groups of piles were driven: Group A, of five piles, having an 


eg ie average length of 20 ft; and Group B, of six piles, having an average length 
numerals in parentheses denote references to the Bibliography in “Appendix 
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the ‘result in either case is movement 
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of 13.6 ft. in group were 

“two groups were separated by about 200 ‘ft. the Piles were of 
shaft, uncased, ‘compressed concrete, with a diameter of 15 in, and all but 
one (see Fig. 1, Pile 6, Group B), had a bulb or pedestal at the bottom. | 


From Table is evident that the ‘soil had consolidated around the 


piles: of Group the driving progressed, the ‘piles, therefore, had 


be shortened. ~The ground was thrown vertically | “upward 


2.—PILE- -Daivine Data, EXAMPLE A (No. 3. Sra AM 


Blows per inch, in last foot of driving 


Blows per inch, in last foot of driving 6 
Creep (in inches), i in direction of AITOW... | 3 


part of the penetration of yet, the maximum heave 
J was only 0. ft. shows that the strata penetrated consisted of 
the _impermeable materials, Table Clay | 
a 2(b) shows that, in Group B, the 
oil had not tightened up sufficien tly 
Gray Mud, rt Silt, 
0 cause shortening of the piles as_ Clay ane Clay ete. 
maximum of 2 | Boulders; 
equal ‘to approximately, 10% of the OBS 


displacement of the piles in the 30 - 


the soil around Group B was | & 


the clayish order (see Fig. 2(b)), 
as shown by its heaving (Decomposed Rock)y———>} 


4 Hard, | i 
of the closely driven piles 


60 - 
f Group B were __@GROUPA GROUP B 
2.—Borin@ Data; 1. 


2 ey: 2 fina pave ation, Piles Nos. 3, 4, and 5 had a tendency toward a 
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in clay just. the gravel a lateral 


Empl 2—On the construction of the Union Terminal, at Cincinnati, 
Ohio, a large proportion of the pile foundations were in clays and com- 


_binations of clays, in which the heave at times amounted to as much as 


Bs 3 ft. Many of ' the footings were s supported by encased, cast- -in- -place, concrete 
est piles, placed by driving a pipe or casing containing a core, On withdrawing 7 
a corrugated iron pipe was placed in the casing filled with 


concrete, after which the ot outer casing was withdrawn, leaving an annular 


space” of 1 in. around “the corrugated iron pipe. occasion the 
_ corrugated iron pipe was ordered removed after the casing had been with- i‘ 
ue to delay, the ender not followed until 


is removed. the same ‘purpose Example 3 
Example 3.—At Potomac Park, , Washington, D. C., three test piles | were 
ae driven in 1934. One was a composite pile with a _Steel- encased concrete y 
ity action section, 16 ft long, and lower wooden section, 80 ft long. 

second » driven 15 ft away, was a steel- encased, cast- in- -place, concrete pile, 
53 feet long, , and similar to “those mentioned in Example The third 
pile was a standard, wooden, peeled pile, (52 ft jong. They were each 
driven ‘through: 10 ft of hydraulic fill, 30 ft of ‘Potomac River “mud, 
s then, | at 2 in. per blow for 3 ft and 1 in. 1 blow for 1 ft, tightening up + to 
blows per inch through the next 5 ft. 

steel- encased, concrete pile had been provided with a steel center 

a bar, 1 in. square, so that the pile could | be subjected to to an upward pull. 


removing the « casing, , the usual 1-in. annular space was left. Static load 
— were 1 made on the three piles, 80° that several days elapsed before a 


test could be jacks y were used in 


equivalent to resistance of. 243 Tb 
per sq. ft, giving an indication of the grip upon return of a very plastic soil. 


-Clayish or  fine- ne-grained soils usually heave in ‘some degree 
driving, ‘depending “upon the water content and mixture > with other soi soils. 
After rest they regrip: the pile with added resistances, _at times. 


‘cause is attributed to the rebound of an elastic soil. ‘against the 
r to 0 the manag of the internal structure of the soil after remoulding — 
. Either explanation may be | 
f sand or coarse- grained mud to o soil combinations — 
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refers (106) to the driving of in fine- saturated sand, and notes 


E. (1(c)) describes driving of niles | in sand to satis. 
one of his projects. The piles were allowed to rest 
_ until the following day. When driving was resumed, it was discovered 
that they had lost 40% of their bearing power, 
Example 4.—During the construction of the extension of Conerete Pier 
814 , Navy Yard, Charleston, S. under the supervision of the United | 
~ States Bureau of Yards and Docks (5a), a number of 18-in., square, , wooden, ~ 
test piles were driven through 10 ft ft of silt and into stiff blue mud, appar- 
ently quite coarse- grained At from 43 ft to 57 ft the test piles developed 
Me ‘resistance to driving of 40 tons, soon thereafter “fetching up” at virtual 
"refusal . After 2 a rest of from 3 hr to 2 days, driving » was resumed, showing» 
marked decrease in resistance. The decreases i specific eases were 


from 43 to 1 tons, , 45 to 32 tons, AT to 39 tons, , and | 39 tons to 25 tons. — 
Example 5§—The following, to much the same purpose, is reported by 
Lieut. N. Laycock, Corps of Engineers (4b): Four 


“piles 18 in. square and 80 ft long, were driven’ at Balboa, anal Zone, 
‘through soft silt to — 28 ft to — 43 ft; then through fairly compact and uni- 


form blue clay, the blue clay extending well below the pile- -points. With 
4 
each of the four test piles, driving was suspended several times, the delays 


varying from a few minutes to overnight, and in every case of suspended 


driving, there occurred a loss of resistance. . These losses varied from 3 000 
Ib for Pile No. 1, for a 15-min delay, to 48 000 Ib out of 90 000 II Ib for 


Pile No. 4 for an overnight delay. Such losses follow $0 closely those o of the 


test piles: driven at the Charleston Navy Yard that both soil combinations 


must have been very coarse-grained, comparing in ‘reaction to a saturated — ‘- 


_ Example 6.—At the Naval Supply Depot, United States Naval Operat- : 
ed Base, ‘San Calif. number test 


‘The pile was rest br “and ‘driving was 
the first few inches” of re- -driving there was a decrease in _Tesistance, 

but the pile 1 was again ‘driven to refusal, after the’ ‘driving had “progressed 
ft. It should be that Examples 4 and 5 referred 


grained muds or more partnenble materials. Example 6 refers to permeable 

sand and shells and _impermeable mud, in which sufficient sand was | present ge 


for the ‘combination to act ina similar manner but | lesser degree. 
: During the same tests at San Diego, an 18- in., pt precast, | 
was pulled, and brought up a natural shoe of ‘compacted material on th the 
point of the Pile. The report states (5b) that. “St consisted apparently ot 
samples of the various materials" through which the pile had passed, an 
was as hard as, and } had the appearance of, soft rock.” ee ponte 


is not uncommon, as it has” been: noted many times in the driving and 


eg sand and 1 shells. ‘The possible ‘explanation is that 


+ 


(193% 
aw 
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4 
quantity of sand and shells. Beneath the mud lay strata of sandy clay 
4 
— 
— 
= 


bal 


— 


ontent ‘rapidly, and i is ‘Piles in ‘sand rend 

drive to virtual refusal, quickly forcing out the water in the sand 
fag ately surrounding the pile- -points and forming a bulb of solid material. 
water in the sand surrounding the consolidated bulb having means 


ready escape, the pressure will be quickly dissipated during rest. 
lowing: rest, the pile and its sand bulb having 1 no longer high pressure to 


a a against, will drive with Jessened resistance. Continued driving, | how- 
ever, accompanied by further consolidation, length, , brings the 


age. Example 7.—Resort has been had to the artificial consolidation o een = 
the support of structures ‘since the dawn of history. The Egyptian sand 


pile’ been, and still is, used successfully for this “purpose i in many parts 
: = of the world. | ‘This is pile consists in driving a hole in the ground, filling it 


with sand, and tamping the sand to refusal. . This process provides a satis- 
factory foundation, provided the soil can be consolidated. For example, into 
i. sub- soils beneath 1 the Federal Legislative Palace, in the ‘City of Mexico, 
Mexico (6), consisting of: an extremely unreliable | mixture of voleanic ejec- 
tions and al alluvial matter, were e driven 1 150 000 sand ‘Piles, 8 i in. _ in diameter — 
20-in. centers. The displacement ‘the piles could have caused a heave 
of 5 ft, if no > consolidation had occurred. a As the heave averaged only 1 f = 


however, consolidation | in the e amount of four-fifths of the ‘displacement had 


taken place. However, hen water cannot | quickly be lost from fine- grained 
soils under quickly applied pressure, very little if any y consolida- 
tion occurs. | . Increase in soil pressures, due to the driving of piles, may ay 
; '. temporary, whereas consolidation. of the soil is of of permanent value in a 
_ increasing bearing power. It must be obvious, therefore, that the ‘driving of 

a piles in ‘moist to wet soils ‘th 


uncertain results. 


Perhaps" no in design of pile fo has ‘pie as fruitful 
og of foundation troubles as skin-friction values and ‘their relation ‘to the prob- 
Offering no solution or convenient tabulation ‘will 
de to indicate by . illustration 


be ‘secured and the reasons the 


4 


q 


use the best data available. ‘The friction between pile and soil has often 
from the 5 load” tests, deducting assumed 


“are the values. 
in Table Tt ‘can be seen prior “Either the clear; ‘the 


point- -resistance deductions may ‘have been i in error ; temporary “soil pressures 


have affected the result; or, perhaps, the surfaces of the sigh themselves 


have been important factors ; for example, compare Items Nos. 
Table 3, both of which are for soft blue clay. 
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Baample —Bxhaustive tests 


7 
Exan d by the Whangpoo 

‘servancy Board during the Shanghai Harbor vestigation in China, i 
1920-1921 (8). The friction value (in pounds per “of blue clay 
at that time was reported variously, as follows: 


Timber pile, 20 ft 
Round Douglas fir pile, 4 


a slight decreas in riction for the 
the subsequent twelve 
“TABLE OF Sx 


Soil in pounds per resistance 


Soft blue clay 1850 [| | 
Soft muddy clay “er Tunis, Algeria - 
Mud, sand, and clay Proctorville, La. 
2 N Rhine Valley, Germany 
Rhine Valley, Germany 
17th Street’ and North 
microscopic sand.. 130 to 900 Shanghai, Ching 
Fluid mud Aguia Creek, Va. 


Example 9—In 1933, i in connection with the Sewage ‘Dis 
, posal Plant program in Columbus, Ohio (9a), it was decided to drive precast — 


--conerete piles and t to test for uplift. Eight piles, 15 ft and 20 ft. 


through loam, clay, sand, and gravel Ground- -water level was 


ar the surface. The ioe piles were pulled with the following results: “ies 


resistance, 
Depth below the in pounds 


ground, in feet er square foot 


5, 6, 7, and 8. 


Evidently, the skin friction had “deen ine 


Example 10.—Pull tests were also made for the Water nacre ph 


tion Plant, at Fort ‘Wayne, Ind. (4c); 4600 conical concrete piles, av 
16. 8 ft in length | being driven through dark yellow clay, fine sand, and 


ES sand. - Later, five piles were subjected to pull tests with hydraulic jacks "4 


The friction value developed by these pull tests, 755 |b ‘per sq ft 


steel on fine sand, and ca coarse 


| 
— 


som, REACTIONS 


developed data contrary to by the tests at. Shanghai 

relation of friction values» to length piles. Records were kept, by 

Ky. the U. S. Bureau of Yards and Docks of the » pressures ne necessary to ) move the 

_ eaissons at various depths. — The caissons penetrated s silt and sand to gravel q 

and cobble at 50 ft to 60 ft. - allowance for the upward ‘pressure. of the 

it was found that the pressure necessary to move the | -caissons 

nearly a straight line for the ig depths and then tended to a flattened 
parabola for the lower depths. The friction | values increased from a 
per sq ft ata 15- ft depth to 305 lb per sq ft at a 60-ft nT 

 Beample 12.—To ‘illustrate the relative skin-! friction v alues rough 


ee smooth pile surfaces, it may be interesting to compare t the results of the ne 


‘test on Pile No. 6 of Group B, Example 1, with those made on the preeast con- 
crete piles: became a part of the building foundation. 
é precast piles were 133 in. in diameter and ‘cylindrical j in shape. _ Eleven of them 


 seattered in the vicinity of Group B were test loaded. _ These precast piles = 
a 12. 6- ft average | length, for a settlement of & in.) were supporting loads averag- 


ing 31 tons. ‘An exact comparison cannot be ‘made with the settlements of 33 


in. used in connection with the piles in Group  B. _ However, #& in. is close 


iil 
enough for reasonable comparison. Since point- -bearing area of the 


pile equal to that bulbless Pile No. 
iles were 


a Park tests (Example 8) consisted in test loading both the wood pile and the 


cannot be a assumed as a factor on. 
_supports a structure, | but rather, as the of spreading load 


and whether or soil the is ‘overloaded to con- 


‘Friction values may be affected b by variation in the soils, combinations 


can be wiping by tl the eteing of test piles of the type selected and by pull — 
will be discussed herein 
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Loap-CarryING Capacity AND ‘Tests 


There “appears to | be general agreement that the dynamic 


formulas give only approximations of the carrying capacities of piles under 
ca “static loads when driven in ‘fine-grained i impervious soils, but that the formulas 
ale reasonably accurate when the ‘piles are driven in sand or other pervious 


As to » the dependence generally placed “upon the results of static 
“tests upon single piles, the results” thus: obtained are unreliable indications 
of what may be expected of the group or mat, of which the e single pile forms 
a part. This applies, however, only to piles driven on close centers or in fine- | on 
‘grained impervious clayish soils. To illustrate how static load tests on 
single p piles may mislead the « engineer, a few examples: will suffice. 
‘: _ Example 13. —The piles described as Group A in Example 1, were oe 
en jected to a final : static load test of 250 tons, and Pile No. 5, of Geowy:’ B, - 


loaded to 70 tons (see Fig. 1). , Group A was loaded to 125 tons for 24 hr. ‘ se 
‘The: load was then inereased_ to 250 tons, and allowed to ‘remain for 
days. ‘The | settlement was in. "Pile No. 5, Group B, was test loaded to 25 
_ tons for 24 hr, to 50 tons for another 24 hr, t to 62 tons for 36 hr, and to x 
a tons for 24 hr, with a a total settlement of 4 in. - (see Fig 3). a ‘At a settle- ae 

ment of in., » the piles of Group A were carrying an 


Sema Pile No. 's, . Group B, w was carrying 62 ‘tons. 


2... 
in Tons per Pil 


Ic. 3 —CoMParatiy E i SET TLEME NT Co RVES ; T 


the best available bearing 
_ Example 14.— In 1918 and 1919, concrete p 
4 averaging 17 ft in a length, 
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e 3 rave 8 ests _ between single piles 
the speed usually 
engineer must use 
e number ia 


driv ven for an industrial building of the Texas 

There : are no records of the borings taken. The driving ‘record ‘indi- 
cates. that the piles” should | develop, ‘according to the Engineering New. v8 for- 
from 41 tons to 83 tons, the average being 53 tons each, The structure 


was ‘designed for a final loading on the ‘piles of 30 tons each . Static load 


ae “tests of 45 tons were applied for 24 hr on one ‘pile of a group and on an 


isolated ‘pile. The test results showed practically no settlement. There 


seems to have been no trouble with the piles themselves, but check levels _ 


taken on the completed structure since a: showed a settlement of from 


Example 16.—For the grain levator at ‘Portland, Ore. 


These test piles "ts well as the permanent wooden piles driven to a 
resistance of 25 tons | (as determined by the Engineering News formula) 
through soil of « considerably fluidity, to oo ft , the elevation of the pile- 
is points. One test pile at the southeast corner of the Storage Annex was 
satisfactorily load tested to 40 tons. The foundation consisted of a a 3-ft 
concrete mat cast upon the wooden piles, which were ‘spaced 2.5 ft center 
to center. During construction, “marked settlement w. was noted, and when 
the load per pile, under the Storage Annex, had reached 9 tons, the building | 
had settled 1.96 ft at the northeast corner, 0.76 ft at the southwest « corner, 
1.4 ft at the southeast corner, a , and 1.72 ft at the northeast corner, » in spite” 


in 
of ‘the fact that the test pile 3 near as southeast corner had supported a 


One of the most important factors contributing to the ‘misleading results” 


ecured in the test loading | of ‘single friction piles i is ‘disregard of 

the time of testing. . The common practice is to test-load d single piles to the 

design load plus from 50 to 0 100%, the > loads resting upon the piles. from — 
to 48 hr, or perhaps” longer, when settlement is measured. . If the 
settlement does not exceed the maximum ‘(often specified a: as 0.01 in. per = 

of load applied), the tests are accepted as satisfactory. — Such results, h 

‘ever, “may vary widely from the final value of the piles, as great changes 
often | occur in ‘the soils subsequent. to the load tests. 
if the piles. are driven in a saturated ed pervious soil, where losses in 
"resistance may reach 40% during: ‘the subsequent. 24 hr, it follows that n 
static tests should ‘be made upon. the “piles until several days have 
elap ed. On the other hand if the piles have been driven in an impervious — 3 

soil that heaves during» driving, where increases in ‘Tesistance may amount 
to several | times value during the 30 days (or more that follow 
make static load tests upon the pile during that + 
‘time. | The problem, Sesion: is not quite a as re: as the foregoing implies, 
because e piles often penetrate ‘several types of s soils, , in which both “heave” 
consolidation may occur. boring data not always sufficiently 


a accurate » guides, it would seem best when there | is uncertainty to consider the 


were ‘replaced by a "group beneficial results 
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in- -place close spacing in some ols is to 


distortion in the partly set concrete of contiguous piles if the driving is 


carried i in rows ‘continuously ; and for friction “piles the correct ‘spacing 
of a group or mat allows for the maximum load- carrying capacity of 


Under such ‘conditions the 


could be given 


concrete piles” driven in different soils ‘spacing, if the 


"information would be of any value. There appears to be 1 no basis, however, 
the | derivation, formulas to cover the proper spacing of piles in 


tion to- length, diameter, and soil conditions, in order to prevent distortion. 

However the ‘simple device of driving : alternate rows and reforming over ‘the i 
same ground complete ‘the unfinished 
distortion and cracking if sufficient time has elapsed. 
=. Reference has been made herein to the work of the WwW hangpoo Conserv- 7. 


ancy Board (8) in soil investigation and. pile Mr. M leyer 


will be smaller and the skin friction of the ee will aerars ge 

the piles nearer than the spacing as given by the formula (developed by a: 
Wi hangpoo Conservancy Board) no additional safety against — 
gained, and the builder who has carefully test loaded every single pile and 
found that they would sink only 4 inch for a load of 400 lb per square foot Be 
_ skin friction on their surface, will, to his astonishment, observe ae 


whole densely piled building “settled more than a foot when completed, in — 

Spite of the fact that the piles are not nearly loaded up to their ‘full capacity’. — ao 
The distance from center to center of the friction piles driven next to ech c 
other, should never be less than half the circumference of one pile, if the ao 

_ Whole friction area is to be utilized; the two piles, taken as one unit, will Be 


 (@ then present the same friction ‘surface as would each of the two piles 
individually added together. there are more than two piles, the circum- 
eo § ference of the whole cluster of piles, should be bigger than or equal to the 
se sum of the circumference of the individual piles in the cluster. The same 
a = apply to any part of a cluster. Thus, in case of a rectangular founda- 
vo tion with equal distances between piles, and all piles square, and of the same 


width of same ‘B’ , the distance ‘Z’ between piles will thus become: A and BD 
= 48: A and B = 100; = A A = 100; B= 40; 


' size with sides 12”, the length of the entire foundation being ‘A’ and the — s 


Bach ‘spacing is apparently intended for use only in the plastic clay 


be found in Shanghai. Even in that soil, it appears. to be sketchy i ndeed 
to engineers in the United States. fs On the other hand, the average spacing ~ 


for friction piles used in the > United ‘States as as discussed under the en 
wou appear to be the other extreme. 


4 


“Average: ‘Practice 
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transmittal ¢ load 
upon the sub-soil and, therefore, has an beasties relation to. pile- spacing onl 
- bearing power. cae the spacing of the piles is § such that the « distribution of ’ 
: the load through skin friction to the sub-soil is ; uniform, the result is sa “block © $ 
load”, the piles the soil surrounding» them acting 
unit. the which (through | thrust or the roughness of 


e known, Boussinesq’s analysis can be used with variations for the. <a 


ion of the distribution pressures to the sub- soils. Having solved 
for the e pressure distribution on the crucial stratum, the ated, spacing of 


piles” can be computed for uniform distribution a Although 


this practice would be a great improvement over ‘some of the or- 
‘methods, it is. believed in the hands of the inexperienced foundation 
engineer an an teat by means of ‘driven and test-loaded groups of piles 


would be a more reliable method for : securing this information. 


“a Any group test intended for use in effecting uniform settlement in a pile } 


foundation must cover such different conditions as changes of soil on the. 
site and the difference in size and shape of the pile foundations. - uate “ a 


sors Whether one or ‘More group tests are made, the first step is a ‘thorough 
exploration of the sub-soils by the use. of ¢ core | borings. From this informa- 


tion approximate pile lengths ‘and the 1 type of pile to be used can be selected. 
A test group can then be driven on centers preferably « of two pile diameters 
and _arranged 80 that the same | loading platform can be used for the test 


loading « of piles on centers of two diameters, four diameters, and for single 


for the readjustment, of the internal structure of the: soil, the | 


of the soil. If, after the rest period, a pile is test loaded 


e oy increments, followed by the test load of the piles | on four diameters and, 


re finally, by the test loading of the piles on ‘two diameters with the ‘settlements 
recorded as the increments of load are applied, data 1 may be had that will 


indicate the « “carrying capacities of the piles of a mat, sh diameters, and the 

The fac ct many foundation settlements a: are shaped indicates 
that the - spacing | between the piles toward the perimeter may be fs farther apart 

than the spacing toward the center of the structure. Without doubt an 
answer will be found to this part of the problem similar to that used in the 
design of the ae (6) for the Federal Legislative Palace, in the City 

of Mexico (Example 7), in n which Boussinesq’s “suggestions were followed | in 


of an the of which represent soil pressures at 
giv 


Experience indicates that at the rsnripsantt of preliminary work for the analysis 


soils, pile types, economical spacing, will usually effect | a sufficient 


a saving in the first and later costs, to more than justify the expense. , This is 
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of large foundation ‘should be added, further- 


tions. It need no o longer be the ‘ ‘yardstick” for measuring bearing capacities, _ . 
cat 


upon which so much has always ‘depended. 


Some Pre Founpation” SETTLEMENTS AND THE Causes 
ch The intention in selecting examples of settlement o of structures on pile 
a foundations has been to present the case fairly from available records. ae 


must be freely admitted, however, that all foundation settlements are not due 


to the use of friction piles in plastic soils, as might be inferred from the Os 


Z End bearing piles driven to hard sub-strata act as pre and may be 
‘limited only to the bearing capacity of the sub-strata and t the pile rs 


However, at times the weakest link may be the column, because » some of the 
piles may be « overdriven, or cast-in-place concrete Piles may, at times, be 


deformed or even’ pinched off. Local settlement on a pile or cluster may 
but the records of s such settlement are difficult to secure. ‘Besides, 


ile § injury to piles in placing is usually due to to poo mats nie ae 
_ The following statement wou Id appear to be inter pretati of the 
igh - fundamental thought of the publications of Edmund A. Prentis and Lazarus -s My. 


ma- White, Members, Am. Soe. C. (11): would seem elementary to state 
ted. that each horizontal stratum, has to support the total load above, including a 
ters the overlying strata and the structures erected thereon.” In the case of a 


test pile foundation it is equally true that the soil strata below the pile- points 1 must — 
support the loads’ placed upon them, or settlement, | and possibly - 
a follow. This principle is so fundamental and d so clearly sensible that even os, 
the the layman should be able to understand it It would the 


and, Mo st of the foundation settlements that will be described, fall int 


ents main group, the causes and conditions | of which are nearly identical. 
will haps the most common has followed the making of new land by fill ing i in aes 
the @ old lake, swamp, or slough with a very soft bottom. Often the conditions i 


that existed before filling, have been completely forgotten. When, years 


cates afterward, it) is proposed to erect a structure upon the filled land, exploratory 
ypart borings 1 may or may not be » taken. IE piles are decided upon and are not Bes 
t an driven through the compressible stratum at the bottom, or if spread- footings | Ace 
1 the are used, ‘settlement often Tesults corresponding to the depth : and compres- 
City sibility” of the soft: stratum | below the points of application of the loads. 
od ater, when a complete survey of -sub- surface conditions is made, the cause 
es at of the trouble is only too apparent. Ww ith this i in mind, note = recurrence one 
a after time npressible sub i 
alysis ‘example: 


Example 16. 
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icient —for a great steel structure built not so many years ago, 

his is BH * Ceosoted timber bulkhead was driven in a bay. An hydraulic dredge Br 


filled contained within with to. a depth of 
approximately 20 ft. About 500 ft away, a structure somewhat. similar to the 


By, one proposed had been i in operation for a | number of years, and no appreciable 


a ‘settlement had occurred. _ Apparently, soil conditions on the site of the 
proposed structure were identical with those of the older Structure and, 

‘soil were made. (As a part of the 
each. to “rest on 

ying 16 tons each, These piles 
were to | bs driven into the hydraulic fill ‘mentioned. 


The -pile- driving began, and apparently satisfactory 1 results were being 


as measured by the Engineering New ews formula. ‘The engineer i in 
charge, however, felt something be wrong ‘mereased the number of | 


The concrete f for the pedestal was and shortly before 
Sg time for erecting the the steel upon the pedestals, the tops were checked for 
; elevation. It was was seen at once that instead of bush- -hammering, some of 
2 the pedestal tops were an inch or more below elevation, indicating s settlemen "hi, 
Upon rechecking, it was found that during the following weeks, the same 


_ pedestals, even without load, had continued to settle at an alarming rate. ee 
‘Test borings. were taken, the results of which will be seen in Fig. ree 

oe The cause of the trouble was obvious at once. The heavy sand fill, had been 
placed upon sand, underlaid by very: soils. The piles were 


driven ‘through the sand fill and the original sand, and developed the 


resistance. However, inasmuch the piles did not ‘penetrate ‘through the 
compressible ‘soils and into the substantial strata beneath | them, the added 


The steel superstructure was erected, ‘the pedestals continued 


to settle, ‘compensation being made by means of driving steel wedges and 
placing plates under the column shoes. settlements of the several 
foundations will be seen by. referring to Fig. 5. However, after ‘some months 


- devoted to a a close study of the problem, it became evident that the incre- 


ments: of settlement were decreasing that, without corrective measures, 


ia 4 the plotting of the soil strata (Fig . 4) can an be assumed 2 as correct 


between the points | at which test. borings were taken, and if the settlement 
is assumed to be proportional to the thickness and compressibility of the 


strata beneath the pile-points, very | little, if any, settlement might be antici- 

; in Foundations 95 , $10, S11, 5, and Nil. the same reasoning 
settlement might be predicted i in Foundation N10, diminishing 

in the following order: ST, ‘86, 88, 89, N7, N6, and N8, which is very 


should be added any type of pile that did n ‘not ‘reach the stratum 
lescribed as ‘ “sandy marl”, under the compressible peat, sand : and peat, sand 


nd mud, ete., would have proved as ineffective as did the wooden piles. 
Had = test borings been taken before construction, longer r wooden cya oe 
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SEPTLEMENT History, 18. 
“eas ple 17. —During the rush construction period of. 1917, an Is -story — 
conerete warehouse was erected in | the Brooklyn, N.T., Navy Yard (5c). Due 


the speed demanded, there was no time for ‘sub- surface exploration. Piles 
(~ were driven for the foundation from 10 ft to 34 ft in length into a fill over 4 
old” marsh. During the « erection of the building, serious settlement 
showed a stratum of peat 1 ft to 7 ft in thickness, ata depth of 30 ft to 40 ft 
below the surface, subjected to a load of approximately 35 Ib per ‘sq in. 
- Tests on sample cubes 0 of the peat gave a compression of 35% for this load. 
As. ‘such’ a condition is obviously disastrous, a part of the foundation was 
underpinned with steel pipe piles, filled with concrete. _ is scarcely neces- 
sary to emphasize that had the times been normal, test borings would have — 
been taken before construction, and piles would have been selected of suffi- 
cient length to reach “good bearing below the compressible peat, 
: Example 18. —The. original borings for the 12-story building of the West- 
_Philadelphia, Pa. (40) showed 8 ft to 10 ft of fill 2 
underlaid by 1 uniform clay and sand to rock at 45 ft. Conical concrete piles, 
25 to 80 ft long, were driven. Before the building was completed, settlement 
noted. Investigation then disclosed that the soils composed of 


27 ft ae loose fill, 4 ft. of peat, 1 ft of gravel, (156 ft of silted peat, ‘8 ft 


— 

— \ 
fo 

— 
@ 
— 
e compressible peat lay ed, The wot 
"uniform in thickness and the o — 


oy of the > building did not settle, again demonstrating that the thickness of 


the compressible sub-soils corresponds to the settlement. There ) appears to ie 
but o one answer to such a problem—underpinning. It appears. certain, , how- 


ever, that dependable ‘test borings had been taken before construction, 
and the piles driven to ‘the bearing by the 


q 


Pon 

during the rush of the World War, two projects were constructed on concrete 
piles under fairly similar lar conditions as to soil. | In one case, conical, cast- in 
place concrete ‘piles were used, and, in the other, the straight shaft, com- 
pressed, uncased, cast-in-place concrete pile with a bulb at the bottom. This 
Navy Yard is situated at the west end of the Horse Shoe I Bend of the Dela- 
ware River. The « eastern part of the reservatio: n has’ been built up by an 
alluvial deposit of river silt and organic matter overlying an earlier deposit 

of coarse sand, gravel, and cobble. The soil formations ‘under the two 


structures, a concrete storehouse and a 175-ft chimney for the Naval Aircraft — a 


are ‘described follows: For the storehouse six borings showed 
silt to a depth from 35 ft to 55 ft below 1 mean low y water. Sand and gravel — a 
“were | found under the silt, sloping from a high point at the northwest corner a et 
the to the low point at ‘the (see Fig. 6(a)). For 


@ CONTOURS OF TOTAL SETTLEMENT, CAISSON IDENTIFICATION AND 
TO 1922 (CONTOUR INTERVAL, 0.1 FT) ANTICIPATED BOTTOM | CONTOURS 


—Amerarr Srorenouse, S. Navy Yaro, ‘PHILADELPHIA, ics 


sa six- ‘story concrete building, divided nto fen bays, 


east ‘nine bays north and south. Under the column footings, 
cast- ‘in-place conical concrete ft long, ‘driven, signed 1 
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In a these pi es, “only, a small number were 
driven to a 1esistance corresponding to that required by the design. Itw 


% discovered, however, , that the resistance increased considerably after 1 rest, ‘and 


as as this factor h has been the e salvation of n many projects under apparently 
“conditions, construction v was continued, 


eg In Tune, , 1918, bese tests on one pier, ‘equivalent to that required by the 


was 


settlement decreased rapidly firet week. Check levels were taken 
weekly on all the columns | during “construction, 1° which showed decreasing 


‘Several ‘months after completion, settlement cracks ‘appeared in each floor. 
le J anuary, y, 1919, the total settlement varied from 6 in. to 16 in., eorrespond- 
* to the depth of the compressible silt below the pile- -points, modified by 
“ - the characteristic cup- -shaped settlement. Note the similarity of the contours 
of Fig. relating to settlement and id Fig. referring to depth of com- 


The "storehouse was "subsequently underpinned “successfully, but, of 


— 


- course, at ‘considerable cost. t. Had war conditions not existed, and had ‘there 
“been an ample supply, wooden piles of sufficient length to reach ‘into the 
sand and | gravel undoubtedly would have been used. 
Example 20. —During the same period the 17 5-ft chimney was constructed. to 
‘The foundation rested “upon 64, ‘east-in- -place, -uncased concrete ‘piles, 36 ft 
long, with a bulb at the bottom, ‘The penetration of the piles during driving dri 


was steady, and the r resistances, according to the Engineering Ne ews - formula, “eal 
indicated an average safe load of 130 tons. “wer 
‘The foundation of the chimney was built in 1918. In 1 October , 1919, of 
settlement was detected through the leaning « of the chimney toward ‘it 
"power ‘house « on the north. The angle of leaning was reported as 9 on 1 ¥ 
‘Records of the increments of. settlement showed that they w were » decreasing 
and that the movement would cease in time, if the, structure were left 
However, corrective measures were undertaken n, consisting of ‘the 
‘uae of a ‘concrete ring foundation on 71 wooden piles, | designed to 
carry 15 tons each, but driven to solid bottom through the compressible silt. 


D. C. (Se) is pened example of an use of piles too short to ‘reach a sub- 
stratum of sufficient bearing power to carry the loads. Conical concrete pile 
is were driven through a recent fill over an old 1 marsh, — - Upon the piles a head- gf 
house constructed 200 ft in | length, with rear wings. af It settled 
‘maximum of of 4 in. ‘The Toads on the piles at , the face and under the interier | Bui 


“piers are reported as conservative, but subsequent analysis showed that where the 
the wings meet the head-house, the piles under the piers were” overloaded. 


The piers did settle most, however. The greatest settlement occurred lac 

in the area of the greatest depth | of fill where the settling of the fill itself how 
arried down with it it, the piles: and the structure. not 


zample 22. —In 1905 built in Minn. (4f). 
y filling with sand 
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and gravel, 80 t the time the soils from the surface 
ras | downward consisted of 15 to 20 ft of sand and gravel fill, 6 in. to 41 ft of | 


nd § mud on sand and gravel, with ground- water level at 1.5 ft below the pile | 
tly wr -offs. . Wooden p piles 30 to 40 ft long were driven for the building, 189 “ 
a by 218 ‘ft t, and some of them passed through the sand and gravel fill and — 
the - through: the ‘mud into the hard sand and gravel sub- stratum. _ This was the case RS 


at t ‘southeast corner. At the northwest corner, however, although the 


piles were driven through the sand and gravel fill and into the mud stratum, 
‘there was perhaps" 10 ft or more of mud between the pile-points and the __ 
solid sand and gravel. - fairly good picture of sub- soil conditions s may be had | 
from the settlements that occurred over a period of several yei years, The ‘south- > 
east corner settled not a at all, the southwest corner, 3 in., , the northeast corner, — 
0.5 in., the northwest corner, (87. in As s such unequal "settlements are 
disastrous, in the west side of the ‘building was condemned. it 
probable that ‘if test borings had been t: taken before construction began, and Nd ee 
some extra money spent for longer piles, nothing would ever | have been heard © ms 


5 
Example —The factory buildings of the Jurgens Oil “Mill Works 
between the “Maas a and the Dike Zwyndrecht, Holland, were con- 
structed on made land, consisting of sand fill, hydraulically | placed. In 1915, a a 
the Jurgens Margarine Company (12) decided to erect on the site an oil ah 
ted. to contain heavy machinery, tanks, ete. Since it was that piles would 
ft be ‘necessary, test piles, 20 m (65. 6 ft) long, were driven. The piles were 


ying | Given to a resistance of 30 blows for the last 80 em (11.8 in.), or theoreti- ef 
ally, to a static load equivalent to 50 tons per pile. Tnasmuch as the > piles 
- is to be loaded to only & 5 tons each, there was apparently a factor - safety 
9, of 10. Creosoted wooden piles, 20 m (65.6 ft) long were driven. In fact, 
the it it appears from the accounts that longer piles could not have been placed 4 
nl under continuous driving, as they crushed at the heads under the e driving 
sing resistance of 30 blows for the last 30 cm (11. 8 in. The soils through which 
left the piles were driven | were ‘saturated ‘and consisted of 4.5 om (14. 8 ft) of sand \ 
- the fill, 13 m. (42.7 ft) of peat and some clay, and 5 m (16. 7 ft) of fine sand o ot 
d to coarse sand gravel. From this, it be seen that the pile- points 
silt. reached into, but did not penetrate, , the stratum of fine saturated sand, and Bs ; 
fell short of substantial stratum of coarse sand and gravel. the 
sub- piles been deni a period of rest and had « driving been ‘resumed, it appears ie 
piles probable have been driven farther an and into the pan 
ad In 1916, ‘was completed, and by 1920 the Oil 
erior Building had settled so badly that collapse was threatened. _ Near the center, 


vhere the. structure had settled 70 em (27.6 in.). For most of the building the load oe 
per pile did not exceed d 3 tons although, “under the tov tower and tank, | the 


itself however, ‘must had little to do with the settlement, as the maximum did 

not occur where the piles carried the heaviest external loads. In fact, the = 
(4f). piles under an extension of the floor outside the building, carrying almost 

sand loads, settled in the same manner. 
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ned the : "statement that the hydraulic sand 

am, with its high friction value, was settling into the bed of 17 m (55.8 ft) 


compressible peat and clay. By ‘its grip upon. the piles | the fill was push- 
= them m through the peat of comparatively low friction value, and 


the past, ons in plastic soils” has s, in 
“main, followed tas do not take into consideration all | of the many 


involved i in these complicated problems. Although “most of the 
erious settlements of foundations on piles have taken place in plastic soils. 


even there the results have, in the large majority of cases, been surprisingly 

successful. At times, however, foundation settlements occur that: care very 

expensive to the owner and are no credit to either the. avebitect or contractor. 


when the best of core borings have been. taken, classification 
as to reactions of “soils on sight by average engineer is 
extremely difficult, if not , impossible. . Soils into which piles 2 are » driven range 
i. those that heave and do not consolidate e: easily to those tl that ‘subside and 


consolidate almost at t once. Within this broad range occur mixtures and 
combinations in infinite variety, the ‘reactions ‘of which are re further 
by variations in the water content. Physical analyses ‘of course, 
ean develop the nature of the soils and the proper cl classification can n be > made, 
which experience ean usually predict ‘the result, For the average or 
oundation engineer, however, a more reliable answer can be 


aad from a combination of « core borings and pile- driving and loading tests + 


depends upon some convenient tabulation of 


“the a static test load upon a single ‘pile multiplied by ‘the 


number of piles in his foundation to equal ‘the total load-carrying capacity. 
who relies upon the results of static load tests made too soon after driving, 


or who places complete dependence upon the Engineering N ows ; formula under 
all conditions, may be not a little surprised, at times, at the results, oe | 
Standard pile spacing as accepted in the United States is usually too 


— for the loads applied upon them when the piles are driven in plastic , 


ils. If the proper spacing is used corresponding to the length, size, , shape, 


er of the pile surface, | load, and the soil characteristics, greater loads 


can be placed” upon the piles’ with | less settlement. “Mathematical analyses 
= - for for pile spacing and the distribution of loads to sub-strata would Sane 


be an improvement over the usual practices; but group test loadings approx! 


‘mating the conditions of construction and final “soil consolidation should 
prove ‘more dependab “When this" is. done, , the dynamic formulas: may be 
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‘borings been accompanied by clear descriptions ‘of the sub- soils, it is eason- 
ably certain that only a few of the foundation settlements described in this | 


i. paper would have occurred, since the ‘Piles i in most cases would have been al 


driven to virtual refusal upon satisfactory sub-strata. However, where ‘the 
have been ‘driven short of sub-strata on the theory that. friction n piles 


would | support a structure in 1 spite | of overloaded compressible strata beneath, oer 
it ean n only be stated that such a saving in first cost is | very expensive. - 


any 0 of the compressible Strata are suspected of being peat, or combinations of 
peat, and the peat bed is of appreciable thickness, disregard of such a a _warn- 


ing is to invite e disaster. “ty: 


Reliable core borings sho should always be ins sufficient 


disclose ‘the nature of the sub- soils: beneath the | entire site, When i 


pi. driving loading tests should be made. In a word, convenient 


tabulations of values or standards should be viewed with distrust, because a 
foundation presents a new problem. No two are exactly alike. 
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i and purpose of Table 1 oak an engineer to un a meridian, i 


Founded November 5, 


DISCUSSIONS 


pow METHOD OF | DETERMINING TRUE ame 


BEARING (OF A LINE 


A 
oc. 


a limit of of accuracy in azimuth, with the 


r preparatory study, ‘ever bearing in mind ‘that thousands of surveyors 
> not equipped educationally to cope” with trigonometric formulas, 


logarithms, ete. 3 Nor are computing machines generally available. Although 


As to, star observations: To cbserve the 

of Polaris, « or to determine a meridian 


by an hour-angle observation 


ve: 
toan accuracy of 1 Furthermore, both ‘these methods and require 


‘night work unless an instrument is specially equipped for daylight cheer; 


ed The determination of a meridian by the equal altitude method is | orthodox; 
but, again, the necessary preparation and the time consumed Ra 
inadequately y to 1 the needs of the field engineer. 


The computation of the fifth decimal place of the table has. 
‘comment. will be noted that, in the’ tables of natural sines and 


_  Nore.—The paper “rs Philip L. Inch, Assoc. M. Am. Soc. C. E., was published in Rae 
September, 1936, Proceedings. Discussion on the paper has appeared in Proceedings, as +e 
follows: “November, 1936, by Messrs. Earl F. Church, Paul E. Wylie, James B. Goodwin, 

¢ H. Swick, Philip Kissam, and George D. Whitmore; December, 1936, by Messrs. O. H. 

_ Chilton, Chalmers C. Schrontz, Frank M. Johnson, Walter H. Starkweather, and C. I. Day; 

- January, 1937, by Messrs. F. L. McRee, F. J. Duarte, and Leonard C Jordan; ; February 
1987, by Messrs. J. C. Pinney, R. L. Vaughn and John and 1937 

- Messrs. Robert H. Merrill, Crosby J. Wilkin, and C. 8. Jarvis. _ 

= U. 8. Cadastral Engr., Server Office, Nev. 
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sines, a 1’ "variation | in ge as from 1 to in the deci imal 1’ 
Place. n the determination of the 1 fifth even number for a 5 in 
™ 
The discussion has included the of computing 
of ba differences in A and B upon the are, instead of one- “sixtieth of the y hs 
difference between two arc- -determined, even degrees. Intensive investiga- 
- tion has demo nstrated that such a refinement would add little or no increase § 
in the general accuracy. of the table. . Before any one of the basic calcula- : 
' tions was accepted, from two to six observations on the are were computed . a 
comparisons made. An experimental table was also constructed and fic 
comparisons were made of observations in latitudes as high as 60° be 
north; the declinations used ranged from the highest to ‘the lowest. The 
computation: by table wa: found to be > well within the required limits. 
_ For reference, the entire. table has been included herein as Table 9. This 7 
form includes values of A and B for vertical a angles, — from 15° to 54°, ve 
inclusive; and latitude, from 31° N to 48° = a 
the ‘of Table “the slide- rule is commended. necessary 
multiplications are made quickly, with ¢ an advantage both i in the assur- 


solar attachment has introduced into discussion. ‘The 
(Writer | is of the opinion ‘that the initial cost is not so prohibitive a the 


ontinuing of. adjustment and maintainin ng the ‘elite mt. 


suggestion that sun altitudes ‘between 10° used has: 

its inconsistencies. The writer agrees that 49° is high enough, consider 
ing ‘the factor of ‘safety. When it is at an altitude of the 
Pesala hy vertically, at t too rapid a rate to insure | a good “observation. More- 
over, the e refraction is large and variable. Above 49° , although the refrae- 
tion element ‘nearing its minimum, the sun is moving horizontally at 


comparative rate as great as it is ‘moving vertically ‘minimum altitudes. 7 


Furthermore, the least error the } horizontal Sting, 


The ideal time for sun observations is ‘about th hours either bel fore 
or after apparent n noon. Experiments, however, have e demonstrated that 

everything depends up upon the which observation is taken’ 


cies is. the not “the nor the by any 


freedom from inaccura- 


suggestion for solar is Reduce the use of the 

‘the tangent screws toa minimum. m. Hold a limb: of the ‘sun tangent to one ‘tak 

i of the telescope with the tangent screw allow the sun to drift fro) 

nto > tangency with the ‘other selected hair Personally, the writer holds 
‘Moving limb of the sun tangent with 1 the “tangent serew. A 


and one’s movemen be placed 
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an in which all four quadrants are 


used, the perfect | -ordination of two hands and an an eye at eight different 


et In the e discussion, ‘reference is made to the additional hairs: that can be © 
placed in a telescope to facilitate a s solar observation. They enable the 
gun to be centered approximately at the intersection of horizontal and 
vertical hairs. _ This arrangement gives excellent results; but few instru- 

ments are equipped with this accessory. 

& From the » viewpoint of a field engineer, the ‘most needed addition to the Bd 
field procedure is some check on the ig Pe a solar observation i in 
the fi field, and at the time of “observation, — Fig 4 will ‘suggest a method of 
“observation that will afford an excellent check upon the } accuracy of each — 

complete o observation, by. comparison n with the others in any group. Observe 


the sun in this manner, , recording the time, the horizontal angle, and the 


In theory alone, the mean time, the mean Iorizontal 
and the mean vertical angle. of each complete set will be | equal; 
judgment, together with | the degree of of accuracy required, 
one’s. best guide a as to the rejection or acceptance of any ‘set. 


Qbeervations taken min with 2 Between series of direct 


b 


2 
J 


e of a by means of formulas, 
logarithms, and computing machines apparent. The writer approves of 
their use, but only in skilled hands. The selection of a solar observation 
taken in 1910, as an example, has “been commented upon; it was ee 
from the “Manual of Instructions for the Survey of 
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M. Am. Soo. E letter) "The formulas 


veloped ‘by the authors are of interest, _and are novel ix in certain respects. 


“special for BL and other than square and first 


Equation (11) to make diameter’ 


the , whereas if the ‘simpler common formula for friction head 


y= 
is used, becomes 


eh _ Furthermore, the introduction of entrance losses, bend losses, etc., com- 


monly of minor effect, could well be avoided, for the sake of simplicity, 


without appreciable effect upon results. The use of a oss factor to take: 


dei account of load 1 factor is logical and warrants: further dees ean 


OB 
0.215 b Qa 


penstock size as a. basis for further detailed study made by assuming 

different determining annual cost (of pipe | plus value of power lost), 
and plotting total yearly “cost against diameter. 4 
Equation (67), in addition ‘to the “notation. of the paper: the 


of p power, in dollars: per theoretical horse- -power per year; Qa a aver- 


: “ay ST 8, Nore.—The paper by the late Charles Voetsch, M. Am. Soc. C. E., and M. H. Fresen, 


M. Am. Soc. C. E., was published in November, 1936, Proceedings. Discussion 
sage on the paper has appeared in Proceedings, as follows: March, 1937, by Messrs. R. A. 

_ Monroe, William E. Rudolph, and Peter Bier; April, 1937, by Adolpho Santos, Jr., Assoc. 
Am. Soc. C. May, 1937, by Messrs. Joseph D. Le win, Knapp, and 
Hyar. Mass. Inst. ‘Tech., and Cons. Engr., Boston, Mass. 
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une, (1987 BARROWS ON ECONOMIC OF STEEL PEN 
ge discharge, or maximum discharge, sii a capacity factor; s s= unit 


Wee 


osely where individual 


lines are considered, if by ‘number 
gate for best results, — For a long ‘single penstock the correct: discharge 


be maximum discharge times the ‘square of the 


rt 


K b’ 3 

= 0. 215 ) 


‘in which, in addition to the of the crete, 


eee per cubic yard ; ‘ratio of cross-sectional steel area of longitudinal — 


steel to that of concrete in the same plane; as = cost of steel reinforce- 


"ment, ind dollars per pound; and, 8s = allowable stress in hoop steel, 
“pounds per square inch. The quantity in includes 


‘For. “wood- stave penstocks: 
gic 7 


in which, a; ‘ of steel bands, in dollar. 
Equation (67) for steel pipes is simple be useful; 


and (70) ‘are somewhat and involved use, and the 
writer prefers, ‘in general, to determine the best size of penstock by reurves . 


rather formula, this enables all ‘special items of cost 
of pipe alone, to be included. 


au H 0.000016 a 
H (ay + 0.000016 
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ing”, H. = 1934 Edition, p. 358. 
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AMS AND BUTTRESSES 
FRED L. PLUMMER, M. Am. Soc. 
» 
assumptions | defined by E quations (9) the author has” 
giving the stresses around ‘circular “openings in structures. . The 


derivation presented i in a clear and straightforward manner, and illus-— 


trates a very” _ skillful use of ‘mathematical “theorems. The “writer wishes 


to call attention to the fact that the aforementioned assumptions cannot 
be justified, and question whether, ‘in any case, the designing 
engineer warranted in using such complicated formulas when they 


developed from : assumptions which, at give tid crude “approxi 


q 


shows a buttress ‘similar to one by the author in 
pe illustrative: example. hi Obviously, any plane section cut perpendicular to 


he “stream face of the =. short” section, a- would 


%, 


 Norp.—The paper by I. K. Silverman, Jun, Soc. C. E., was in 
1936, Proceedings. Discussion on this paper has appeared ‘in Proceedings, as follows: 
February, 1937, by Messrs. R. D. Mindlin, and Chesley J. Posey; April, 1937, by Messrs 
Brahtz, V. | L. Fedorov, and F. W. May, 1937, by C. P. Vetter, M. Am. 


Cons. Engr.; Prof., Structural Case School of App ‘Science, Clev 
ved by the Secretary April 8, 1937. 
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MER ON ‘STRESSES CIRCULAR HOLES IN DAMS 


PLUM! 

on n such “are distributed Tinessly in 
Equation (9a , and that the shear stresses along such planes (d) increase 
uniformly the distance from the loaded face accordance with 
_ Equation (9c), are obviously far from even a reasonable approximation of 
_ the probable stress distribution. On the other hand, the assumption that the 
direct compression parallel to such planes constant i accordance 
ow ith Equation (9b) may be more | true for planes through ¢ and d, Fig. 12, 

would seem, therefore, that no based on these assumptions 

could be of any value in studying stresses at any point in the section, — 
-g, of this buttress. Since stress distributions in Nature: cannot be 

altered abruptly, it is probable that the “stresses” along a plane through f 
es very similar to those /on a plane through b. In consequence, ‘it does not 

“seem. likely that the stress” distribution assumptions defined by 
nor any formulas based upon these assumptions, could properly 
applied to a any part of the buttress shown in n Fig. encept possibly 

a small segment at the top of the buttress. 


As the slope the up-stream face of the made st steeper and 
the section more neatly approaches that shown in the afore-— 


ald 


_ mentioned assumptions seem to lead to closer approximations of the meek . 
8 stress distributions. Even in n the case shown in Fig. 12(b) however, the 
actual stress distribution m may vary quite ‘materially from that indicated 


these assumptions. ‘Such variation may be illustrated by considering 


very simple in 13(a), which is. drawn from a a photo. 

elastic picture showing the variation maximum shearing stresses 


_(¢) WEIGHT AND WATER LOAD 


usual anelogvas to those based Equations 
A 


an 
indicate m maximum shearing stresses along the plane, aa, varying 
from 2 27 Ib per ‘sq in. at the up- stream face to 46 Ib per sq in. at ‘the down 
stream face as shown by Fig. 13(b). The distribution of shearing 


given by the model is shown by the dotted line. This would indicate that 


direct compression stresses caused» by the triangular mass of concrete _ 


above this section, are “distributed that the 
re “much the middle ‘of the s been 


recognize 
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M. Am. Soc. C (by letter ""—Based on the 


giving stresses around circular openings in mass s structures, The 
derivation is presented in clear and straightforward manner, and illus- 


trates a very skillful use “mathematical theorems. The writer wishes 
eall attention to the fact ‘that the aforementioned assumptions cannot 


always be justified, and tog question “whether, in any case, the designing 


engineer’ is warranted in using such complicated formulas when 

dev 


4910) a buttress similar to the one by 


illustr ative example. Obviously, any plane section cut perpendicular 
the up-stream face of ‘the buttress, except for the short section, a- b, would i 


“extend indefinitely into the foundation. The assumptions that the normal 


Ae _ Norg.—The paper by I. K. Silverman, Jun, Am. Soc. C. E., was published in November, 
1936, Proceedings. - Discussion on this paper has appeared ‘in Proceedings, as follows: 
-—-Rebruary, 1987, by ‘Messrs. R. D. Mindlin, and Chesley J. Posey; April, 1987, by Messrs. 
ae ck Brahtz, V. L. Fedorov, and F. W. Hanna; and May, 1937, by C. P. Vetter, M. Am. 

Cons. ‘Engr. Associate Prof., Structural Eng., Case School of Applied Science, Cleve- 
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and that stresses long such planes increase 
uniformly the distance from the loaded face in accordance with | 


Equation (9c), are obviously far from even a reasonable approximation of 
the probable stress distribution. On the other hand, the assumption that the a at 

with Equation may be more true for planes. — c and d, 12, 

It would seem, therefore, that no formula on these 
be of any value i in studying stresses at any, point in the section, 


be e- -g, of this buttress. stress distributions: Nature’ cannot be 


are v very y similar to hg on a plane through b. In consequence, it does not 


nor any formulas” ‘these assumptions, could be properly 
a applied to any part of the buttress shown in F ig. 12(a), except possibly as 
a small segment at the top of the buttress. 


the | slope of the -stream face of the section is ore steeper an and 


nearly approaches that shown in ‘Fig. —12(b), the afore-_ 


‘mentioned seem to lead t to closer approximations of the 


elastic. ictare ‘ovine 


e s of Fie. du 


usu al a assumptions, analogous to based on Equations .@), 
indicate maximum shearing stresses: along the plane, a-a, varying uniformly 


from 27 Tb per sq in. at the up- -stream face to 46 lb at the down-. 
face as. shown by Fig. The distribution of shearing stresses" 


by the model is shown by the dotted line. This would that 


t stresses cau 
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s_ Such variation may be illustrated by consideri 
. 13(a), which is drawn from a photo- 
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recognized in many other effect has ben 


: PLUMMER ‘ON STRESSES IN cacuLaR HOLES 1 ‘DAMS Discussion 
13(c) the variation of stresses in the same 
due to the weight of the buttress and, in addition, a water load applied to 


n area on the up- stream face twelve: _times as wide as” the buttress. 
each case, the lines represent contours” joining those ‘points where the maxi- 
um shearing stresses in the analogous concrete buttress equal the 
alues indicated on the diagrams, the unit being nana. per square inch. 5 
In neither | case, nor along any plane section, dc does the stress distribution 
agree closely with that given by the assumptions defined by Equations (9). 
On the other hand, Fig. shows a section for which the stress distribution 
‘3 given by the ‘model ‘and that based on these same assumptions agree rather 
closely on several typical se sections s and for both dead load , and combined 


* 
The writer wishes to emphasize ‘the fact that the preceding 


imply | “no criticism of t the author’s mathematical derivation, nor of the 
‘resulting formulas. Granting: the underlying assumptions, ‘the formulas 
correctly the stress conditions | around a circular opening. Un- 
fortunately, many designers of engineering structures have been trained 
xi to rely too implicitly o on Printed formulas and, in eonsequence, often 


such aids” understanding the mor 


A 


that engineers recognize the fact that openings in 


fact thi 

“massive in which the normal principal s stresses are all mpre 

sive. may ‘Tesult, in tangential tension stresses near the boundaries: of 

openings. Obviously, in concrete structures, it is wise” to provide steel 
reinforcement in sufficient quantity, placed sc ‘such stresses 

Properly. Equation (1) indicates how much the tension stress in a j 


“may b jmereased due to the presence of a ‘a sma all circular hole. Fi 
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Sune, IN CIRCULAR HOLES ID IN DAMS 


‘variation of near a circular opening» in an area, the 


least of which is at four diameter of the hole. In 


Ay 


1 + 


= the radius of the distance from the 
' enter of the hele. to Point A; Sg = maximum unit shearing s stress at icant sie 
ret and, 0 = the angle as shown referred to the direction in which s- acts. a -s 
ike is made equal to 90° , Equation (1084) reduces to ‘Equation (1) 

giving ‘the stress distribution along the X-X axis. With 6 equal to zero, 
the tangential tension stresses along the Y- Y axis may be found. The 


greatest tension stress, occurs at the boundary of the hole ‘and equals in 


intensity th the applied compression stress This tension stress decreased 
ye along the axis, Y- Y, to zero at a point, . v 3, from the center of "the hole. ae 


By integration the total tension for unit width may be equal 


0 1.173 r from the iii ter of. the hole. 5 Ife z is made equal to r the resulting 


ormulas define the variation of stress around 


boundary of the hole, indicating tangential ten- 


decreasing in intensity. from s to zero as 
is increased from zero 1 to 30°, and then tangential Bao 
compression increasing from ze zero to 3s 
To illustrate how simply these relations may 


be utilized consider that the principal stresses in 
given region of a mass structure have been 


values. are shown in Fig. 16. “The greatest 16. 


tangential tension stress around “the” boundary would occur at Point a, 


nd would equal (445 + 3x15 = 490 lb sq in. Similarly, the grea 


— 
aeve oped by A. and are increased as indic t created, | 
— 
— 
— 
— 
© 
| 


stress would occur at Point b and equal (3 x 445 

+ 15 = L 350 Ib per sq in.). The stresses at o other points on 

hole can be found in a manner by the use of’ Equation (108d), 
with ima the effects of the two principal ‘stresses: being computed separately 


then combined | algebraically. The stress distribution used in this illus- 


tration ‘duplicates approximately that which the author ‘found to 
“the hole in the buttress analyzed his illustrative example. 


stresses that would ‘act in a solid buttress at 0 point ‘corresponding to the 
center of the hole specified by the » author. - Duplicate computations “based on 


three separate sets of generally accepted assumptions result in 1 v values — of 
major principal stress v varying in compression from 570 Ib 


per | sq. in. __ As indicated previously the value obtained by the author was = 
about 445 Ib per sq in. in compression. In the writer’s opinion it is this | 
part | of. the problem which needs s serious study. Moreover, it would seem 


that must look to experimental, ther than methods. 


of stress distribution i in 


ie region ery ‘two openings: in both a gelatin and a marblette model of a section — 
of a conerete dam. . The writer ] has found this method of Study to be very y 
useful ¢ nd, in general, reliable” ‘than any purely analytical method 
which of necessity must. be based on simplifying» assumptions. Obviously, 
e e imprac ical to derive formulas which would be applicable o 
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Tune, ON STRESSES IN CIRCULAR HOLES IN 
complicated situation illustrated by Fi igs. 17 ‘and Fig. 19 


a model study of the buttress analyzed by the author. The scale of the ¢ 


model is too. ‘small determine accurately ‘the stress variation around 
_ the circular openings. — A large scale model of a part of the buttress. would be 
used. for this purpose. — However, the models show clearly that the stresses 


the region of the hole are quite different from those given. by compute; q 
‘The curves in Figs. 14 and 17 and the -photo- views in Fig. 18, 
are taken from studies made in co- operation with the z office of the U. S. 
inane Corps, at Huntington, W. Va., and under the direction of it 
John F. Conklin, District Engineer, pe A. L. Alin, M. Am, Soe. E., 
Chief of Design on the Bluestone Project. 
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GRAPHICAL DISTRIBUTION OF 


VERTICAL ‘BENEATH FOUNDATIONS 


tions | graphically ‘is interesting and simple to use. The author’s od 
is more rapid the me ethod of dividing the Toaded into > elements of 


beneath loaded area was developed by the writer at the University of 
Illinois.“ This procedure - makes use. of a table of values of --vertical pres: 
gure at unit depth beneath the— corner of a uniformly loaded rectangle of 


dimensions, m by n. ‘The table is applicable to all depths ; and to all dimen- 


ions of f loaded area. The formula by which 1 the numerical values 
e computed was by integration over a rectangular area oa of 


xy sinesq’s formula for ‘the pressure due to a concentrated load. The tabulated 


coefficients of pressure are_ ‘given in terms of the vertical load per unit of 
area on the e rectangular area and ar are” dimensionless. 


‘The pressure “at points other ‘than ‘under the corner of rectangular 
) area is found by combining upward and downward loads ‘on not more than 
four rectangles. example, the vertical pressure ata depth: of 10 ft 
NF beneath the center of the footing of dimensions, 6 ft by 8 ft, shown in 
ae Fig. 5, is found | as the sum of the vertical pressures 10 ft ben neath the 
common corner of four equal rectangles, 3 ft by 4 ft. The “relative dimen- 
> (m and n) for these rectangles are 0.3. by these values 


Nore.—The paper by Donald M. Burmister, M. Soc. C. E., was published 
in January, 1937, Proceedings. Discussion on this paper has been published in Proceed- 
ings, as follows: 1937, by Messrs. William B. Kimball, I Mz. Nelidov, George 
Research Associate in Civ. -Eng., Univ. of Illinois, Urbana, m 
“Simplified Computation of Vertical Pressures Elastic Foundation: Nathan 
M Newmark Univ. of ‘Mlinois, Eng. Mapertment Station, _Oireular No. 24 


— 
— 2 
— 
a 
| 
— 
: 

— 
— 
— bs 
— 
— ; 
— 
other procedures. one analytical and one graphical, which seems to have 
— = 
—— 
— 
i Vi 
— 
— 
— 
— 
— 

| 
— 
— 
— 


_-NEWMARK ON 


this value, or 


: 


Footing No.1 $j] | 


men 


o the footings. the fact that the computation | 


to th 


hat 
Scale of Horizontal Distance 


z= Dept 
which Pressure 
to be-Computed 


= 

i=) 

= 


m and n, the table™ referred to lists a value of influence pressure 
0.04742. Then the influence pressure for the entire footing is four 
the problem shown in Fig. of the paper ‘the results giv in =. 
a no are given for that problem. Except for pressures a 
such foundation plan can be considered to be replaced bye 
rectangular area uniformly loaded with the same total 
— 
SS | 

0020304050607 08 090092094 096 097 098 = 099 0.992 (0.994 
11.—For Unirorm Loap or INTENSITY oN AREA OF 
l is based on assumptions that only 
Near the surface, the pressures are affected by 
this distribution may vary be &§ 
vary between rather wide limits. pm © 


procedure is limited to computs 
at depths for which are available. Only one, chart is 
tee all oths if the scale of the foundation plan is changed properly with 
by cet the ne depth. For example, Fig. 3, the author's chart for a 10-ft depth, 4 
used for , say, a 20- ft depth if the scale of distance to the est 
loaded ring is multiplied by 2, 
If a ‘graphical procedure i is to be the prefers 
as Fig. 11 in which each loaded ring accounts for the same 


i ‘pressure. — Subdivisions 0 of the e rings may t then be made by radial lines. The 
i. chart” can be made independent of depth by drawing the foundation plan to 


4 


seale such that the depth the — is to be computed is taken 


Equation n (3). The writer such computations, the ‘results of which | 


are given: ‘in Table 7. With these data Fig. may be -eonstructed for the 
graphical al computation of of pressure. the part w within the r marke 


‘TABLE 7 _—Vaurs OF RELATIVE Rapius or 
VALUES oF =? 


coo 


> 


| 
ecco 


115469 
6459 


coooco 


ocoooo 


q 


a, 
q 


“te 


ak, 90, the area between successive circles: accounts for an influence pressure of 
0.02. Each of the elements of area bounded by th the e heavy solid lines , outsid 


> the e ring marked 0.10, accounts for an influence p pressure ‘of 0.002, and | each — 


of the elements bounded © by _light lines accounts for 3 _an influence pre es- 
sure of 0.0002. — In order to subdivide the area more uniformly, intermediate 


circles are drawn for the area outside the circle marked 0.90 om 
method of using the chart™* is, as follows: Suppose the depth at 
which the pressure desired is 35 ft. Then draw the foundation plan on 


ite * Copies of the aetaal graph (size 11 in. by 16 in.) are available for free distribu- 
my" tion. | ‘Send request to Department of Civil Engineering, University of Illinois, Urbana, Ill, 
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thin paper or tracing « cloth to such a viata. that the distance, a in ‘Fie. a 
represents 35 ft. Set the point at which the pressure is desired at Point a 
Add the loaded rings and segments, each multiplied by the value of p 
the corresponding area, to obtain pz; or count the number of blocks 

e elements of area loaded and multiply by the value of a single | block to Ss 

total A different drawing of the foundation plan 


the chart is 


by letter).” 
the stress d “distribution in pone under a foundation, the 


recommends the use of : a simple algebraic expression which is often referred — 


as “the Boussinesq equation. According to. Professor Burmister, 


equation represents ‘the only “means” available for the solution | of such 
problems, The writer is of the opinion that the derivation of the | -equa- 
tion based on assumptions which are rar are ely fulfilled actual 
problem. Accordingly, he proposes 


derivation™ of the to the assumptions “which it” 


Bous ineeq a co- -ordinate e sy stem (Fie. 12), with 


xY the plane horizontal boundary semi- ‘solid 


‘and with the positive Z-axis ‘into the solid. ‘He begins 


with the general differential equations of clastic equilibrium in in the form 


pal 


q — 
a 
— 
| 
ae 
— 
— 
of | 
de — 
ch 
on Dist. Mgr., Raymond Concrete Pile Co., Chicago, 
pplication des Potentiels a I’'Etude de l’Equilibre et du Mouveme — 
» by J. Boussinesq, Gautier-Villars, Paris, 1885. 


1102 CUMMINGS ON "PRESSURES BENEATH FOUNDATIONS Discussions 


In Equations (14), u,v, and w are the displacements in the 7, and 
Z directions, respectively ; and are the elastic constants of Lamé, 


It is necessary to find ex expressions for thet wil satisfy the 


Equations (14) and for this purpose Boussinesy uses, ‘certain 


The inverse or poten s: 


« 


direct potentials: 


second potential three variables i is: 


ass producing 


field ‘tates and =2 +4 The extends over the 
displacements as the ‘space derivatives of one or the 


other of potential functions, Boussinesq_ finds solutions of the differ- 


ential Equation is (14). These solutions he calls ‘ ‘simple integrals” | but, 


in “general, they are not for the semi- -infinite ‘solid ‘ther 
satisfy the required boundary conditions at the free horizontal sur- 
of the solid. In order to ‘satisfy these boundary conditions, 


uses combinations of several potentials. For the ‘semi- infinite solid 
purely” vertical, load on horizontal he 
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"Equations (18) are seen to be combinations of the direct potential and the a 

first logarithmic potential, and it is easily shown that 

they are solutions of the differential Equations (14). 


To (obtain the stresses the displacements, | 


of the e equations the ‘mathematical theory of elasticity 


stresses are expressed i in terms of the derivatives “of the ‘displacements. 


a 4 


(195) 


A—2 


Day Donations (19), of wie the nite are the normal 


stresses those with the double subscripts are the shears. 


it is ‘assumed that a point load, P, is applied to. to the 


the solid so tat fa dm = P, (19) give ‘the 


lune, 19: 
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UMMINGS ON PRESSURES BENEATH FOUNDATION Discussions 
‘ 


In these stress equations the plus sign ‘Tepresents compression 


resent: 
“minus sign, tension. - Equation (20c) is easily recognized as “the Boussin- 


1 
c 
or 


Whether o1 not E quation- (20c) is” applicable to given fo foundation 
problem depends on how w well the foundation problem “conforms with the 
assumptions thy the derivation of the equation is: based. As 
an illustrativ exa mple, the author ‘used structure built | on 
‘isolated spre ead- footings (see Fig. However, there nothing 


the paper indicate that: “the “charts: “shou ould not used for large 
mat found: The assumptions which E quation( is is based 


are readi understood consideration: of a mat foundation. 
Furthermore, ‘the author has made ral statements which are of con- a 


Ground Surface 


Soft Clay 


et = > 


Ys 


interest when applied to a large writer proposes, there- 


fore. 


fore, to consider not only Fig. ‘ but also the foundation p problem illustrated 
Fig. This is not an imaginary soil condition. Bis or less 
typical of certain parts of Chicago, » Il, Detroit, Mich., Toledo, Ohio, | 


and other cities on the Great Lakes. 


9 
important assumption on which | Equation (2 based is 


the solid must be homogeneous to an. infinite depth, This is required by 
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‘CUMMINGS ON PRESSURES BENEATH FOUNDATIONS 
 — 
‘Equations (18) since the ‘space derivatives of the functions in 
these "equations are continuous functions is and do not vanish except at 
infinity. Discontinuities in the soil structure are not compatible with | 
_ Equations: (18). In Fig. 13, the surface of the bed-rock is at a a depth of 
90 ft be below the ground | ‘surface. This rock may considered prac- a 
tically r rigid s so ‘that. the: vertical displacements must. vanish a at the plane 
of the rock surface. : The horizontal displacements may or n may not vanish, 7 
depending on the friction between the rock and the soil ‘stratum: 
above it. ‘Equation (20c) does not apply to this case. 
A method of taking into account the discontinuity, at the “rock surface © 
‘has been. published ‘Professor M. AL Biot” According Professor 
| Biot’s | analysis, the vertical normal stress on the center line the 
load at the rock surface is considerably greater than the ‘stress calculated 
with Equation (20c). The plane of contact between the sand and the 
soft clay represents another: type discontinuity. __Arthur Casag grande, 
Assoc. Am. Soe. | C. has studied 1 this condition” and has found, 
that a “dense sand bed | apparently spreads the load s so. that the vertical 
normal | ‘stresses in the clay are much less than the values given by 
Equation (20c). This question of, discontinuities | the soil structure 
applies to Fig. 4. as well as” to Fig. 13. In Fig. 4, it is the width of the 
: entire building that must be considered and not the diameter of the indi- 
vidual footings. Wher never there bed- rock or some other abrupt 
dee soil stratification ata depth no greater than o one or two times 


the dian diameter of the building, Equation not provide the proper 
answer. 


second : ‘assumption on which Equation (20c) is s based is tha t the 
load be at the surface of the solid and ‘not below the surface. This: 
‘requirement is also due Equations (18). 18 shows the bottom 
of the ma: mat at a api of 10 ft below the surface. This is not an ‘uncommon 
‘ealiiien, and, n some cases, buildings s have several ‘sub- basements so that 

their foundations are or 30 ft below the “surface, Equation 
not suitable for conditions, , it necessary to analysis 
of the type published in 193 6” by R. _Mindlin, Jun. Am. Soe. 4 

"Stresses ‘obtained from Mr. Mindlin’s equations may vary considerably | from 
those given by Equation (2 Oc), depending on the size of the loaded area, its 
depth below the surface, and the depth of the we for which the stresses 
A third assumption involved in the derivation of Equation (20c) is 
that the load must be normal to ‘the surface of the solid. The displacements 

represented by _Equations s (18) are for 3 normal loads only. When the 
- point load, P, is changed to a distributed load, p dx dy, which is to be 
integrated over a finite area, 1 this normal requirement does not 


change, and the load on the finite area must also be purely normal to the : 

— 
“Effect of Certain Discontinuities on the Pressure in al Loaded Soil”, 


Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 


= 7 “Force at a Point in the Interior of a Semi-Infinite “Solid”, Physics, a 1936, 
Vel. Dp. (195.0 
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MINGS ON PRESSURES BENEATH 


surface of the: some cases there is a soil 


attempt to. escape | later ally from under the “foundation. The ‘condition 


is similar to that of a compression test concrete cylinder in which 


there: are tangential friction forces in 1 the planes of co ntact between the 
‘test blocks and the ends— of the -eylinder. If the attempts’ to move. 


outward, the friction forces on the ‘soil surf face are directed radially inward. 
The resultant of the. normal load and the friction | force at any “point 


makes an angle its the normal, the ‘magnitude | of the angle depending n 


— 


the amount of friction. oblique resultant, force Tepresents | more 


general case than normal force. oblique the 


by normal force “alone, Boussinesq” Phas solved de. for 
ial given, by 


Equation (17 © Froehlich” has derived which 
show the effect, of tangential forces in the contact plane. The 
‘this phenomenon has” bee and discussed” by M. L. M. 


Am. Soe. CE W hen there are tangential friction forces: in the contact 


plane, the stress distribution in the s¢ soil is not that of E quations | (20). 
The fourth assumption on which ‘Equation (20c) is based is that the 


solid must satisfy Hooke’s law and must be a truly elastic 
the sense required by the mathematical theory of elasticity. ‘The fact 
that no elastic constants appear in 1 Equation (20c) “does not nullify, this 
requirement. derivation of this fo formula is based on the differential 
! — (14) and these : apply only to » elastic i isotropic solids which s satis isfy 
te : order to fulfill these requirements the soil would have 


be capable of ‘resisting all tensile, "compressive, and shearing stresses 
represented by Equations (20). Granular soils, for instance, lack: the 


jsot tropic | solid | 


capability of resisting tensile forces ‘in as they may sles ady 
under compression due to body forces Ata the X-axis a at the 
surface of. ‘the solid (in Fi ig. 
Pee, Dey, and the nor mal | stress Des all vanish. | ~The “normal stress ; 


is a radial tens nsion and py is page compression. Concentric circles” 


drawn on ‘the surface of the solid, with the origin as a common center, 


_ If the physic wa propertie s of the soil | are suc ch that it cannot resist this 


_ tensile stress, pe, the stress field cannot be re presented by Equations (20). 


Isotropy ‘requires that the elastic gphiage of the - soil would have to | b 


~the same in all directions. Stratified _Silts and va vary ved clays a are not 
in this sense. Hooke’s s law requires a linear relationship between 


stress and strain both for loading oa for unloading. | In some soils the stress- 
strain loading curve is a line for 4 in 


ons 


* “Druckverteilung im Baugrunde”, Springer, nna, 1934, p. 55. 
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ENEATH FOUNDATIONS 

foundation as an elastic isotropic solid. method of determining the 
"stress » tintin ta certain types of anisotropic solids has been published 


‘The author ‘mentions the “disturbed zone” defined by Kégler 
Scheidig and remarks that this region of disturbance extends to depth 
of two or three times the g greatest width of the footing. _ Apparently, the 
author is thinking only of the relatively small spread- footings shown 
Fi ig. 4. The question arises as to how this idea may be applied to Fig. Be 7 
or times the width of this footing means 200 or 3 300 ft 
the g ground. ‘It seems scarcely likely that a region of disturbance would 
extend to. any depth as this. In their original description’ of this 
phenomenon, Kogler Scheidig did not publish mathematical 
analysis: by means of which the extent of this region could be calculated. 
However, they called. attention to the fact that the depth of the disturbance 


‘Profess sor O oO. K. Fr published® equations which define the 


boundaries between. the elastic and the plastic regions. Froehlich’ ’s analysis” 
is based on Mohr’s theory of plastic flow and equations include - the 
size of the loaded area, the intensity of the surface load, and the physical 
characteristics the soil. ‘In either Fig. or Fig. 1 13, the extent of 
this region of. would depend on these various factors. ‘The 
region is not merely of the diameter of the footing. In addi- 
= to. this “region. disturbance,” Kégler and ‘Scheidig ‘described 
“region of n no stress” which lies near the surface and surrounds the loaded 
is this ‘ ‘region of no stress” that the t theory ity, as 
Equations (20), , includes: tensile stress. The inability 
of sand to ‘resist this tensile > stress is part: of the cause of the exi sten 
the ‘ ‘region of disturbance.” 7 
The author also ‘discusses the distribution of pressure: in the contact 
plane ‘and states that this becomes unimportant depths several times: 
the width of the footing. Again, he appears to be thinking only of the 
small: footings of 4 is interesting to consider this statement in 
connection w ith Fig. Professor Burmister states, this surface pres- 


sure distribution on the relative elastic properties of the soil 


| 


i 


and the Tt can vary a distribution which is” a maximum 
‘at the center and a minimum at the edges to one which is a minimum at 
the center and a maximum at the edges. In Fig. 13 the entire depth of | =~, 
soil between the bottom of the footing and the ‘surface of the rock is 
only eight- -tenths of the diameter o of the footing. It is in. this region 
that the non- uniformity of the surface loading is ‘most important. Even 
the rock were not there, and if the soil were a homogeneous, elastic, iso- 
tropie solid, the vertical “normal stresse on horizontal planes in the 


 *%“Ausbreitung der Kraft in der Halhebene and im Halbraum bei An isotropen Ma- 

terial’, Zeitschrift fiir ang. Math. und Mech., 1935, Vol, 15, No. 5, p. 249, ~e 
Die Bautechnik, April 6, 1928, p. 206.0 
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region down to an 80- ft depth would. be en affect 


tion of pressure in the contact plane. The author’ about ‘the 
mia ‘unimportance © of the distribution of contact pressure © is apt to be mis 
leading. There are many kinds foundation problems: which “the 


in 1 the contact cannot be ignored. 


half ; is ‘wth the tests peer 
of the test ‘results to. full- sized structures. records of observations 
‘settlements of structures have been during the past 


few years. hh a few eases there is agreement between prec ediction and 
observation, but in many cases. there are wide variations. These 


between prediction and observation could result either from the lab- 
oratory tests or from assumed stress distribution in the ‘soil. 
far as the stress distribution is concerned, it is the writer’s opinion that | 
this so- called _“Boussinesq equation” is being» somewhat _ overworked. 


Foundation problems seldom conform with the assumptions which | | are the 


bases of its: derivation. Furthermore, the equation, is not the e only means 
vailable— for the analysis: of stress distributions the ‘ground under 


av 
foundation. 


The extent of actual knowledge available at "present time on stress 


distributions under full-s -sized_ structures is extremely limited. The writer, 


‘therefore, is to question 1 the desirability putting into 


assumption is that the soil is ‘then still 
remain such as: Is the load at the surface or below: the sur- 
al to the surface bi are there horizonta al forces i in 
resultant? Is there an unyielding rock eit or other discontinuity | in 


Vn 
the soil at a depth. no one or two the the 
into 


account § 

is admitted “that: the soil is isotropic ‘solid, it 
eames necessary to abandon the use of the theory of elasticity altogether, q 
or at least to modify the equations of that theory before they are- used 
to calculate stress distributions in soils. Apparently, it is. true that, 

considerable depths 1 below the ‘surface, the materials of - the earth behave 

- approximately as elastic, isotropic ¢ solids. Much of f the science of seismology is . 
based. on this assu iption. is the writer’ opinion that most 

foundation problems are concerned with surface general, the 

entire depth of soil involved in the problem is of the same order of of 

magnitude the diameter of the structure, | there are usually a 


number of special to be considered. would seem better, 


hysics of the Earth”, Vol. VI, The National Academy of Sciences 8, W —. 
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~, 
‘therefore, to. leave the door open to a consideration of ‘these "special: 

ditions rather than to advocate ‘the use of charts which do not take them 
into” account at all. In any ease, the charts tables should be 
plemented by a complete statement of the assumptions on which they are 


based so that the user may be fully a aware of their limitations, 


P. M. Am. “Soo “(by letter)."—The ‘this 

= 
discussion is ‘First, to emphasize, the outstanding place which the chart, 


method by ‘Professor Burmister o occupies among other ‘methods: of 
determining the vertical | pressure within | a - loaded earth mass; and, ‘second, 
to suggest some further ‘simplifications of the method i in question. 
Existing Methods of De termining Vertical Pressure W ithin a Leaded 


Barth Mass.— problem of deter mining the vertical pressure, ps, at 


point within an earth mass. as caused a structure at the top (hori- 
zontal boundary plane) of that mass, has been solved, to date, i in four 
Subdividing Jonded area at of the struc-— 


| dividing the loaded area by ares of circles and their radii into small eel 
ments, and r repl: the latter Ww ith equivalent concentrated loads; (3 


developing theoretical called “strict”) | formulas to express the pres- 
‘fg sure, Ps, caused by a rectangular or circular, loaded area; and (4)° ‘compiling 


tables and tracing graphs. In practically, all existing ‘methods the validity 


the Boussinesq formula is” an assumption ; in other words, ‘the earth 
mass is considered to be an elastically isotropic body. — Furthermore, only 


uniform load distribution through the oaded area is considered, with a few 
exceptions, ‘mentioned subsequently. The writer also pr oposed a a method 
of determining ‘the vertical pressure, Dz, within any earth mass and under 


uniformly ‘non- -uniformly loaded structures: of arbitrary s shape.” 
For the purposes of this discussion, h 1owever, the writer's method will be 


Vu 


left entirely out of consideration. 
A characteristic representative of the methods cor responding to 
(1) is that proposed by Glennon Gilboy, Assoc. M. Am. in 
1933. ‘This method is the one most used soil mechanics investigators 
in the ‘United States. It y yields quite ‘satisfactory results in. the case e of 
un Sanily loaded areas composed of one or more rectangles. 5 A semi- -graphical 
et thod elaborated by Messrs. ‘Kogler : and Scheidig.” of Germany, corresponds: 


m 


n 


#7 Research Associate in Soil Mechanics, School of Eng., Yale Univ., New Haven, Conn. 


Received by the Secretary May 8, 1937. 
*8 Proceedings, Am. Soc. C. E., April, 1937, p. 669. 
Progress Report of the Committee of the Society on Earths and Foundations, 
Proceedings, Am. Soc. C. E., May, 1933, p. 784. 
Bautechnik, Vol. 6, p. 231 (1928). $4 
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"pressures have been found mostly at points along the ‘Vertical center line 
x circle: or of a rectangle, as well ; as under a corner of a rectangle. In 
respect, works of Bou ussinesq, , Love," and other theoreticians in the 
of elastici ity, are to mentioned (also ‘those a 
of Germany, Dr. O. ‘Holland, and Professor F. _E, Rel- 
ton,” of Egypt). E Cumm M. Am. Soe. | C. _E,, has studied, 
a comprehensive a number of cases: of uniformly and 
1-uniformly loaded ‘circular areas and developed formulas to -com- 
pute pressures at points along the vertical center line. Since the methods 


7 to Item ( (8) are applicable only in 1 the case of regular, cir- 


cular, or rectangular areas, they have, as a rule, only a a ‘restricted value, 
7 So far as the writer is aware, there are. two. works to be » classified under 
as Item (4) : That of Nathan M. Newmark, ton: de. Soe. C. E. ad and that 
of Dr. WwW ilhelm Steinbrenner,” of studied 
the case of uniformly rectangles and computed pressures at the 
corner; “Mr. Newmark has compiled comprehensive tab] les and Dr. Stein- 


has traced ingenious graphies which permit the computation ‘not 


only of | the pressure, Des but also of the value of the clastic ‘settlement at 
the corner of a uniformly Joaded rectangle. ‘Although the methods of this | 
* group refer to rectangular loaded areas only, their particu ular value consists | 


i _ their 1 tendency to facilitate the work of the designer, placing i in his 


iy 
time-saving devices as tables and graphs, 


ay 
a _ Chart Method Discussed.— —The work of Professor Burmister belong s to 0 
Group (4); it is more applicable. actual engineering computations 
than the work of Dr. Steinbrenner which is” s the closest. to it as far as the 
~ method of attack is concerned. | This i is because Professor Burmister’s method 


can be cused the case of a uniformly loaded structure of an arbitrary 


shape. His graphs permit the taking of readings at every foot, or, if 
dudved, more closely, thus the continuity of load distribution. 


‘The writer cannot qualify the work of f Professor I Burmister otherwise than 


Ages 
iad a correct: step in the right direction; but, at the same time, he hinged 
to emphasize a few features of, this_ _method ih ‘should im] vroved, 


_— _ The fact that, in 1 ‘this pore ee the ‘the earth mass is considered only as an 


elastically isotropic body, cannot be co: considered as a weakness of the method | 
since the theory of the concentration factor has not been generally adopted | 
as yet by all soil mechanics investigators ; and yet it has been felt that 


7 at greater depths the Boussinesq formula holds. The ne method ii in auestion, 
31 Philosophical Transactions, Royal Soc., , Lond., Series A, Vol, 228, p. 377 (1928-29) ; 
also “Theory of Elasticity’, by S. Timoshenko, p. 335 (1934); see, also, Gestienraniay given — 
by Love, Royal Soc., Lond., Series ol. 228, p. (1928— 
- Bauingenieur, Vol. 7, pp. 981, 949 (1926) ; also, Vv ol. 14, p. (19: 33). 
‘Druckverteilung im Baugrunde’’, 1934. aa 


= Proceedings, International Confere nee on Soil Mechanics and Foundation Engineer. 


Am. Soc. C. E., Vol. 101 (1936), p. 1072. 


* Circular 24, Eng. Station, Univ. of Illinois, Urbana, IIL., 1935. 
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character ; (a) ~The given structure or set of footings must be re- drawn on 


transparent paper to the seale of the diagram (Fig. 8), and this means a 


certain loss of time; and the pre essures ean be determined only for 

the depths, for which charts have been prepared. It is true that for inter- 

‘mediate values the | pressures can ‘be determined by interpolation ; but to use 


‘the in nterpolation method, at least three pressures at three 
_ mus t he found first, before it is possible to trace a curve. Two pressures: 


would give only a straight line and a rough interpolation, 


however, 


cedure may be substantially simplified as follows: (a) Charts are prepared 
on tracing cloth; and (b) * the plan of the structure is drawn on ordinary: 
paper to the scale of the chart. Fig. 14 represents . the first quarter of the | 
foundation layout in Fig. 4._ If the vertical pressure is to be determined 
at some depth under I Point A, all the footings should be referred to an 
arbitrary line, AB, passing: ‘through Point A, as follows: | W ith Point 4 
-as a center, ares are drawn through all breaks in the plans of the footings. | 
of each arc intersecting footings are added, using dividers 
measure chords; for this purpose, , these distances are- plotted along e each | 
"corresponding are, starting from ‘the point of intersection of that are 
with Line AB. For instance, Segments pq (Footing No. 4) and | rs (Footing 


No. 2), when plotted upward from Line AB, Fig. 14, are represented in 


Segment mn, length of the latter being equal to ‘the sum, pg + 
Joining all points such as m, Areas ath and emd would be obtained | bounded 
at the bottom by the straight line, AB, and at the top by the irregular curves - 
shown Fig. 14. The vertical p pressure, Pes ‘produced by the loaded areas, 


and emd, ata particular point of the earth mass located the vertical 


20 ® 30 40 
Scale in Feet 
14. 


passing through Point A, equals. that produced a that particular point by 
Footings Nos. 1, (2, 8, 4, 5. and 6. To measure this pressure, the trans- 
“parent chart is placed over the layout of the foundation, -makin 
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Discussions 


Points of both drawings coincide (see Figs. 3 and 14); and Line AB 


of the layout (Fig. 14) isn made to coincide with the basie horizontal Tine 
at the bottom of the chart (Fig. 8). _ Then readings are walle along the e 

upper boundary curv e, of Areas atb and cmd. 
The writer has made a comparative ¢ computation using both Professor 
Burmister’s chart ‘method and the suggested simplification. The saving 


time obtained in the latter case can be estimated at least 25 “per cent. 


‘The more numerous the footings (or the buildings in the | ease of a ‘bailt- 
up area), the more considerable will be the time saved. Such a feature 
of the chart method as T Table 2 should be if ‘this 
used. Moreover, it would be longer necessary to the graph at 
Point A and rotate the plans. 7 
Theo retical Basis of ‘Simplification. —The theory underlying ‘the 
‘suggested simplification, may be deduced from Fig. 15. In both Fi ig. 14 


and Fig. 15, Point A is the projection on. the boundary plane of 


Point O, at which the vertical ‘pressure, p:, is to be determined. Loads 
= Ps acting at different points” a circumference for which 


Point A is the center, produce | equal vertical pressures, Dz, at Point O- (Fig. 

15(a)). This is because the values, r- and z, influencing the vertical pres- 

—™ Pes at ‘Point O, are constant for all points along that circumference. 


- Horizontal Boundary Plane 


may be moved to on same circumference without influenc- 


"The “area, , MNQ “if Tine AB, be rep: 


“resented construction used in 14 is based on 


same idea. 
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‘STANDARD PRACTICE. IN 


_ SEPARATE S SLUDGE DIGESTION 


ROGRESS REPORT OF THE COMMITTEE | : 


PR 
OF 


Discussion 


By Messrs. E. P. LECLERCQ, AND H. E. SCHLENZ 


P. Assoc. M. Au Soc. C. E. (by letter).™ wealth 


Ss 


lis report will be of service in 
ape ign, operation, and ‘maintenance | of sewage treatment plants using 


par e sludge digestion. ‘Although the subject of ‘sludge’ digestion is not 
“new, have never been compiled and published so thoroughly 


that, with the rapid increase within the last decade in the number of 


sewage treatment plants using separate sludge, ‘digestion, the publication 


of these data is most ‘timely. 


A of importance to the “municipality and one | to be carefully 
PP 


additional structures justified? And is the additional cost of operation 
and “maintenance | justified? . The quantity and quality of sludge 


functions of the “quantity and type. of “sewage, and these, turn, 
are ‘directly related to the population served by the plant, ‘to the sewerage — 


system: (whether it is separate or combined), to the presence of trade 
wastes, etc. ‘The production of gas, , therefore, is dependent the 
quantity and quality of the sludge. ‘some cases ‘it has been found 


that ‘the ‘gas collected has been sufficient not only to the hot- -water 


boilers: for the heating necessary a around the ‘plant, but also to operate 
gas” engines” for the generation of power in the plant; and sometimes > 


_ _Note.—This progress report of the Committee of the Sanitary Engineering Division 
on Sludge Digestion on Standard Practice in - Separate Sludge Digestion, was published 
in January, 1937, Proceedings. This discussion is printed in Proceedings in order that the 
views expressed may be brought before all members for further discussion of the Report. anne % 
With The Dorr Co., Inc., New York, N. Y. | 


Ma Received Secretary March 18, 1937. 
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there remains a_ surplus power to be marketed. There is also the 
case in which “the. plant produces on only suflicient ‘gas s to 


“operate a hot-w: water boiler for heating the sludge digestion tank, It is 
"apparent, therefore, that a certain ‘limit exists beyond | which | plant 
of limited size does not justify the | additional expense for s ‘separate sludge 


Another problem affects separate | sludge digestion ‘concerns the 


practice of adding “garbage that has been ground into the sewage. There 
are already ‘many plants where this method is used, and has been. 
found ‘this process increases: the quantity of sludge f formed in the 

sedimentation tanks. W here domestic sewage is so affected by trade 
wastes as to reduce the volume of sludge formed in relation the total 
quantity of Sewage, the addition of garbage which has’ been ‘ground | no 
doubt will assist in maintaining an inereased volume of sludge. = 


In the operation _ of the plant, it i is important to give ‘careful and 
attention to the production, to pressure losses, through 


he pipe lines, meters, — ‘engines, ete., “especially when the gas is to be 
used for power purposes. It is “quite necessary to means of protection 
against explosion and fire by keeping a careful check on on losses along 


pressure lines and» using suitable devices to prevent the entrance any 

or the admixture of | explosive Tt ‘seems, there- 


> 


Corrections to be made in this report, as published in 3 January, 1937, 
Proceedings, , are. as follows On page 40, line 32, change “gal” 
3 in Tine 33, change “ten cities” to “nine cities” in line 34, 
change ‘ ‘in the other nineteen” to “in the others” 7 in Table 1, replace 

in Column (16) by the following: “92, 50, 42, (— 4% 
3, 86, (—), , 35, 58, | 

43, 178 , 42, 45, 70, 97, 35”; on. page line 9 from the bottom, 

‘nineteen cities” to “twenty- two cities”; in Table 4, aptions to 
Columns (15), , (16) and (17), in ‘the numerator change “Column. 

to “Column aay” in each case; : on. page 57, line 25 , change “Figs. 2 2 and 

3” to “Fig. and Table 159” ; in move index. reference to’ 

"Footnotes and down one Tine ; and in Fig. change the caption 
tot read “A -300- Horse Power Engine Operated by Sludge Gas, Peoria, ml.” | 
f 


HE Assoc. M. Ax. ‘Soo. C. E. (by! letter).™—One who care- 
fully studies the. data reported by the Committee will appreciate the wealth - 
of. information | which has” been gathered. The members of ‘the Committee 
have gone a way in what they term as a “progre ess “report” to cover 


all phases of the ‘subject. One ean not help but feel, however, that the 


Vice- Pres. and Sales Mer., Pacific Flush-Tank Chicago, Ill, 
Received by the Secretary March 26, 1937, 
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ion 

of the data is applicable at « reporting date; for 

instance, the on the “Characteristics of Sewage for 

in the United States” is quite satisfactory for use in present- day problems. 7 

On the other hand tables” of installations of types digestion tanks 
as ‘reported in Part IIT “portray different ‘picture when presented 
to include only installations. made prior to the middle of 1931, as against 

inclusion of those from that time until the actual publication of. the 

‘report. careful checking of the installations of digestion tanks of 

the type reveals the following interesting com: com- 

‘parisons. 


4 


4 wi Ting 
prior to "1980. that 
time only Ps additional ‘festallations ‘of that type have been reported. ; 


(b) Table 8 lists 46 installations of covered digestion tanks with rotary stir- nad 
ring equipment designed for gas collection, in the United States, and 6 ing 
foreign countries, by including installations only to about the middle of. 
1931. It appears that about 10° additional installations of | another type ‘on 
in the United States might have been included in this table. However, 
since the foregoing date there have been installations of the same type 
at cities: in the United States and more in foreign 
countries, including projects under construction. 
: (ce) The report mentions only 3 cities using tanks equipped with floating 
covers. Since that time there have been installations of digesters equipped 
with floating covers 149 cities in n the United ‘States, including projects 
(d) The report “projects itself into some of the “more 
installations by merely ‘mentioning there are about 380 cities in the 
United States that have mu ulti- -stage digestion tanks under construction. a 


A rough summary indicates ‘that since. the middle of | 1981 there have — 

been installations or projects being constructed with modern digestion 4 

equipment, arranged for gas collection, in at least 285 cities in the ‘United 
‘States, as compared with the total of about have 
listed prior to the middle of 1931. 
Therefore, si since the time te data on | 
report there has been fivefold of this q 
type of digestion installations; therefore, one would expect that certain 
‘phases of separate sludge sation have changed materially in the past Pi q 
five years rendering the report somewh nat out as practice 
‘installations included in the report. few of the larger: installations include 
Cleveland, Ohio, with twelve 95-ft hexagonal digesters (the largest heated 
digestion plant in the ‘United States) ft circular digesters ; 
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Baltimore, with two 100-ft circular units; Atlanta, Ga., with 
 pluate- with a total of six tanks 90 ft in diameter, two tanks 55 ft in 
diameter, and tanks 30 ft in diameter; Appleton, Wis., With four 
tanks 70 ft in diameter; Ann Arbor, ‘Mich., two t anks 65 ft 
diameter; Monroe, Mich. with tanks 60 ft diameter: ; and Denver, 


Colo., being constructed with four tanks 85 ft in diameter. 


Under the discussion of g “gas “production from sewage sludge the average 

“heat value of gas. from the installations reported in Table 3 is given as 
‘730 Btu per ft. v value is quite misleading since the aver rage is 
taken from a a number of unrelated sources. A more complete analysis of | 
‘Table indicates that. (a) the average for gas from the eight 1 reported 
_ Separate sl sludge digestion plants in the United States is 652 Btu per cu_ ft; 
(b) the average for gas as from tl the three reported Imhoff plants in ‘the United 
States is 792 Btu p per eu ft; and () the aver rage for gas from the seventeen 

reported “separate sludge digestion plants Europe is: 738 Btu per cu 
ee will be noted that the gas from the Imhoff ff tank plants and E uropean 
“separate” digestion plants” largely influenced the reported | value. study 
of a large 1 number of separate digestion plants in ‘the United States indi- 
cates the production of gas with heat alues of between 600 and 700 Btu 
eu ft, with a general average o of about 650 Btu per eu ft. 
Gas from Imhoff tanks higher in cheat value, “due largely to 


of carbon dioxide from the gas by the “flowing Sewage, giving 


a resulting higher methane > percentage. 
is equally true that the data in Table 4 should be segregated to group: 


(a) Separate digestion “plants of the United States; (b) separate ‘digestion 
plants of Europe; Imhoff tank plants: of the United ‘States; and (d) 
‘Imhoff tank plants: of ‘Europe—so that, true averages of the various values 


might. be drawn. 


ae * recent study n made by y the writer, of data from a large” number of 
plants, indicated that one might re asonably expect a production of from 
9 to 12 cu ft of gas per lb- of volatile — solids added to a separate sludge — 
digestion tank, with an average of about _ 10 eu ft per Ib of volatile solids 
_ added, or from 17 to 19 cu ft of gas per Ib of volatile: solids destroyed. 
«At is believed that a study of the more recent digestion plants will 
show gas productions from heated digestion plants to average more than the 
value of 0.61 cu ft per capita per day, as st summarized from able 
‘The value will rang e more e nearly” between 0.7 7 and 1.0 cu ft per capita per 
It is further believed that gas production data the ye ears 
_ since 1982 “are more reliable, due to experience which has been gained 
in preventing gas leakage from digesters, more widespread use of meters 
built. especially for measuring sewage gas, and the provision of more 
plete digester operating control and nd compilation of of records. 
Comparisons a number of ‘separate sludge digestion 
‘that it is desirable to. “consider the loading of volatile solids per cubic foot 
of sludge digestion capacity per period of time, at the same time that the 
quantity of gas produced per pound of volatile solids added is discussed. 


The combination of the two factors gives a value. for the gas production 
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in “cubic Sant per cubic foot of sludge d digestion m capacity per 
time, thereby giving a a true index the the 


‘Under the discussion of “temperature, it believed that a very im- 


portant consideration | which should be taken into account in selecting 
operating temperature is the greater sensitiveness of the process when 
‘digestion is carried on at the higher temperature range in the neighbor- 
hood of 130° F F, as against the normal temperature range at 80° to 90° F. 
‘Fig. a, showing the cross- “section of a digester, ‘indicates a bottom slope 
almost weied Q horizontal. Although ‘such steep slopes 
have been rena ey 1931 au to the in nfluence | of Imhoff tank design, it — 
soon found that, with heated digestion tanks, very much flatter slopes eal 
be used. | Tanks have operated successfully with bottom slopes o of 1 vertical 
in 12 horizontal. Bottom slopes of 1 on 5B or 6 are most commonly used at 


present for heated tanks due to the nature of the digested sludge and 


activity in the ‘tank which orgie a a definite e circulation of the contents. . 


at the present ‘time (1937) would it possible to to "enhance ‘the 
: ness of Table 9 greatly. It is possible now to refer toa a considerable » num- 
of ‘plants in the States ‘utilizing for power  purposes— 


making it unnecessary to rely for data upon so. great a proportion of 


foreign ‘installations. For) example: 

4 Horse-- Pieac - 


Cedar Rapids, Tow: La Crosse, Wi 180 
Janesville, Wis i8............. 80 Chicago Heights, Tl. 


Peoria, Ill.. 835 Atlanta, Ga. (Intrenchment 


Coney Island, N ew Yo 900° “Atlanta, Ga. (Clay Plant, 

120 ‘Durham, N. C. 300 


Rockville Center, N. Y.....0 


‘Green, Bay, Wi is... 210 =Grand R: apids, Mich. 


| Richmond, Ind.. 


Considerably more might be said regarding explosion hazards: in con- 
e 
- of flame traps or protective ‘devices should be mentioned ar and emphasized. - 
1e 
The arrangement of control chambers to give the ‘utmost protection” to the 
n = Listed in Table 9. 
wer i 
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‘should "given careful pene the and by 
charged with the approval of such designs. Ground-level entrances rather 


than tunnels are to be referred. Fig. 17 shows a po ular and — roper 
arrangement of a control chamber and entrance. teh 


laa oF CONTROL CHAMBER AND ENTRANCE TO GIVE GREATEST. PROTEC- = 


TION TO OPERA’ TOR ‘TRAP PED GASES. 


n ¢ connection with the computation for tank capacity given” 


art Iv of the report great reliance is placed i in certain situates, 


instance, the value, t., used to denote the time required for substan-_ 

ally complete digestion is arbitrarily defined as the time required to. 
reduce the volatile solids by 75 per cent. compilation of calculations 
made of the percentage “reduction of volatile solids by digestion at a 
of existing plants indicates ‘that | the original ‘content ‘of volatile 
solids: greatly influences the percentage reduction of ‘such solids t to obtain 
a well- digested sludge. — The curve shown in Fig. 18 indicates this rela- 
“tionship (see, also, Table 25). sludge with 60% of volatile solids, 
when added to a digester, need only have its” volatile solids reduced 
“approximately 46% to produce a dented ‘sludge as stable as 
of original content of 75% volatile | solids, which its 
solids digestion. The curve in Fig. 18 was produced 


its of. the | daily addi- 


to load the digestion tanks to the « extent 
of 66 Ib of dry basis) cu ft contents per day 


are equivalent to ‘allowing: 536 5.36 cu ft of tank 
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to the time for the 
Many values have been given regarding the lim te 
a tions of raw solids a digester. One 1 may tefer to 
operating plants to arrive at some indication of loading 
q 
period. 
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volume per Ib of t total ary _— added ; per day, or 6. 67 cu ft of te ink volum 


Ib of volatile solids added per day. 


‘Time of test: 


f sludge; percentages 


Final volatile content 


Birmingham, England... . 
Philadelphia, Pa 

Hurlock, Md 

Grand Mich.... 

Aurora, Ill. . . August, 1931 
Elyria, Ohio. . .| August, 1931 
Springfield, I ....| August, 1930 
Aurora, Ill... ....| September, 1931 
Plainfield, N. August, 1930 
Elyria, Ohio 1931+ 
Cleveland, Ohio* 1933 
Durham, N.C... Ld 1936 
Janesville, Wis. .. July, 1936 


f Volatile Matter in Raw Sludge 


1 
3 
4 
5 
q 
7 
9 
10 
1 
2 
3 
4 


High. Volatile Matter when Siudge is Ripe 

Average, 1935-1936. 18.—Repucrion oF Soups By Dices-— 


TION, EXPRESSED IN TERMS OF 


1 


Loadings for shorter per iods of time may considerably greater. “The 
cu irve in, Fig. 19 shows the loadings raw solids at the Cedar Rapids 

(Towa) plant for various periods of time based both total solids and 
“volatile solids. “values “taken Fig. show allowance for 
‘daily , additions of rav raw solids” “differing greatly from that which might be 
obtained from an ‘arbitrary value as reported, such as_ th e “ratio of volatile 
solids a added daily, ‘not exceeding 3% t to 5% of the volatile solids remaining 
in the tank.” However, one must a assume that proper digester control to 
allow maximum loadings requires frequent withdrawals of small quantities | 
of digested ‘solids from digestion chambers. 
In connection n with the “Operating Routine of Sludge Digestion,” as 
reported im Vi, a number of observations in order, follows: 

placing separate ‘digestion tanks in _operation “it has been 
‘that the the tank cor contents close to the optimum» digestion | 
temperature (using outside sources of heat) x results in accelerated starting 
of the digestion and eliminates an overloading of solids a and a “foaming” — 

period. ‘This, initial heating can generally be accomplished 
and more easily seeding. 4 


“cusses ‘oly one side the question. it should 
realized that in the modern heated digestion aa quite a violent action action 
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place with resultant n natural and selective circulation of tank 

contents. The main— reason for "considering the separation of digestion 
_ into two stages is to be able to obtain a better supernatant liquor from the 
“Tess active second stage, showing» that the a activity in a digester is more 


than si sufficient without additional stirring to distribute raw solids ‘through- 


As solids | approach com- 


“plete not excessive ‘gas-li lifting activity” they 


ready for withdrawal. by external means tends to disturb such 


solids, which “normally, should remain at the draw- -off point, ‘substituting 
— 


some partly digested ‘material n 


Total 
® Digester No. 2 


(Volatile Solids in Raw sludge 


ot per 


Fo 


‘ubic Foot per 24-Hour 


N 


in Pounds per Cubic 


Loadin 


& 


| d 


7 
30 35 45 50 


FOR Comes: IDS, Iowa, SHOWING ACTUAL LOADING OF | 
SLU SoLips, EXPRESSED AS PouNDS DRY WEIGHT ADDED PER 
appears to 0 be a decided ‘tendency toward the “practice: of pro-- 
g quiescent settling for supernatant liquor taken from ‘digestion tanks, — 
‘solids to the digester and the clarified liquor to: the raw 
of the plant. This is especially true where 


with high solids per cubic foot of capacity. 


“solide ‘retarded digestion. “Many times, the a of ‘time will 
ageravate the condition the activ rity. For such a a condition 
the removal of sludge from th t 

logical solution. It is most ‘desirable to lighten the Joading 
raw solids, draw sludge i in small “quantities frequent intervals, 


keep the gas-vent areas free for the easy "escape of the gas. ee 
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| RAINFALL INTENSITIES AND ‘FI 


‘Discussion 


Messrs. J. O. JONES, CHARLES SHERMAN, N. Cox, 
GARRETT B. DRUMMOND, EUGENE L. GRANT, ADOLPH ry. 


MEYER, AND ‘CLINTON L. BOGERT 


Jones, Assoc. A M. Soc. ©. E. (by letter).“"—A_ ‘method of 

[: ‘increasing the size of the sample a excessive preciy pitation data for storms 

of short duration (not exceeding 120 min) is described in this p paper. 
writer agrees that there is 1 ‘single station record long enough to give 

_ what may be regarded as a fair sample of the total “population” of such 

data. Tn any any statistical study of chance events ‘the methods of statistics 

assume that an unbiased sample is. available. authors: are to b 
congratulated : for a fine contribution to a 1 difficult and important subject. : 

Tt may be a 1 debatable question whether it is permissible combine 

| the records of stations widely separated geographically, unless: the rainfall : 

{ 

| 


characteristics are similar in other respects. As an extreme example, one 


| would scarcely feel justified in combining the record of a station in Assam, 


‘TABLE 11- AINFAL CHarac \CTERISTICS, ‘State OF ‘Kansas 


Average Average ratio Average ratio 
Division 


coefficient of the minimum of the maximum 
of variation | to the mean to the mean 


1500 
0.25 (0.55 1.63 


Middle. . 
Western. 


ad 


the warm southwest mo nsoons from the Indian Ocean coming 
contact with t the > Himalay as produce precipitation of wai _— to 800 in, 
2 yr) with that of Boise, Idaho. 


_ Nore.—The paper by A. J. Schafmayer, M. Am. Soc. C. "tp and the late B. E. Grant, 
sa. , was published in February, 1937, Proceedings. Discussion on this paper has been 
published in Proceedings, as follows by Messrs. V ictor L. Cochrane, and 
Prof. of Hydr., ‘Univ. of Kansas, Law rence, Kans. 
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TABLE 12.—Frequency or Precirrration 


NuMBER OF Numser or 


Inches of 
rainfall 


Inches of 
rainfall 


Kansas 


Dodge City a 


Kansas City 
Wichita 
Dodge City 
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a JONES on “RAINFALL INTENSITIES AND D FREQUENCIES Discussions 
nas vy. It does seem prone ‘to combine the records from a a small area, such 
as the Sanitary District of Chicago, » OF even an entire State, where the 


‘rainfall characteristics: similar over the e State. This the writer has | 
~ for the State of Kansas. ‘There is some difference in the rainfall | 


acteristics of Eastern Kanses when con mpared © with the western oo: of 
the tate. . The average annual rainfall varies fr from about 174 in | 


Longitude to 40 in. in the southeast ‘corner of the > State; the 
of occurrence is similar, being greatest in the months. As 


in 1 the Middle Division, and eleven. in ry Sakti Division, the average 


coefficient of variation, the | average , ratio of the minimum to the mean, and 


the e average ratio of the maximum to the mean is ¢ as shown i in Table 11. Thus, 
ie 
‘ita appears that the e annual rainfall is less and more variable in yn nme 


The distribute in the Statistical parameters, 


“ excessive precipitation for the five Ss. Weather ‘Bureau stations within 
the | State, together \ with Kansas City, Mo. » which is on the eastern border. 


The lengths of the records included in the | study are: Concordia, 1908 
1929; Dodge City, 1892 to 1929; Tola, 1906 to 1929; Kansas City, "1899 


1929; Topeka, 1899 to 1929; ‘Wichita, 1903 to 1929—a total of 167, 


station- “yr. These include all storms for which the depth o of precipita- 


2) tion is equal to or exceeds the quantities given by the a authors _ in Table wali 
From, the records the frequencies: in Table 12 were compiled. ‘The values | 
given in the left- hand column, “Inches of Rainfall, are the central values 

groups for. example, for of 5-min duration, the depth, 0.275 in. 


includes s all values from 0.25 aaa 0.29 in., 0.275 in. being the © central value 


the data in Table 12 the: usual statistical 
culated for each station separately, with the result shown in T Table 18. 


The ‘remarkable the several stations, for the several dura- 


or the se ic The “somewhat greater 
variation in the of skew not ‘particularly significant consider- 


Bind its relatively large pi probable error when me. coefficient is large and the 


The ‘coefficient ske K an ‘the 
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C8 coefficient of skew.) 


0.37 | 1.15 

3.06 0.43 2.31 

Topeka 0.33 0.89 

Dodge 0.41 1.45 

Concordia 3.19 0.37 1.42 0.39 1a .29 

Wichita 2. 0.37 1.18 2.22 0.36 

Average 0.38 1.41 1.43 2.23 0.38 


20-min. 


— co 


0.39 1.68 .24 
0.39 1.86 .19 
0.33 1.04 -16 
0.42 1.53 .29 


0.41 (1.89 

0.38 47 

0.33 25 

Dodge City | 0.38 1.20 

Concordia 2.13. 0.41 19 
‘Wichita... 0.37 


60.38 


rs 0.47 | 1.86. 

65 

Dodge City.. 55 | 0.40 | 1.42 


When the records of the stations are combined the result given in Table 
14 is obtained. A typical histogram and frequency curve is shown for the | oa 


 5-min duration in The frequency curve is fitted to the data by 


TABLE 14.—Excessive Preciprr ; Summary oF ARY OF or Sraristicat, Panawevens, 


uration, 
in minutes, intensity, in of variation of skew, 
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366 


0. 
0. 
0. 
0. 
0. 


Pa 
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1s t of variation; — 
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1.55 
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iff 
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a ‘ | 1.78 | 0.44 | 1.58 | 1.57 0.48 | 2.12 — ~~ 
Ss, 0.38 1.40 1.52 0.37 
ll | 1:72 | 0:35 | 1:55 | 0137 | 1:52, — 
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| 1-89 | 0-38 | 0.96 | 1:77 | 0.46 | 
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, Vol. LXXXVIT (1924), p. 162. 


— “raw” data for the 5-mi Dis 
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— 2 with the curve obtained on was made with the “raw” data | 
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the other durations. _ The computing the ogive curve means 


the conviction that ‘the ogive curve, ‘obtained by the ¢ application of the skew 
g factors, will agree closely with that obtained from equation, as it 


= 


re 


& 


Pierson’s Type { 
Foster's Skew Factors 


ea 2 
0.10 | 


—COMPARISON OF Raw Dara witH Foster’ s SKEW Factors AND 


18(0) t to 18(g) yield results which agree closely with 
"equation for his Group 3; ; but : a comparison with the results from the ogive 3 


urves is difficult. It depends u upon what is meant by the ° term, ‘ ‘frequency”. A 
o state that a rainfall has a frequency of “once in 100 yr” does not neces- = 


> 


Inches of Rainfall in 5 Minutes 


3 “sarily ‘mean that it has a 1% chance of occurring. _ ‘There is some danger 


assuming thi that because a a certain 1 maximum intensity | only 
"recorded once in 100 station- -yr it, therefore, has a frequency ‘of once in 
100 yr. At Topeka, for the’ 5-min duration, an intensity of 6.9 per hr was - 
experienced only once prior 1929. In the interval, “1999 to 1935, a 
‘intensity of 6.9. in. per "was experienced once, and 
intensity of 8. 0 in. per hr “was experienced on once. Thus, prior to 1929 an 
intensity of 6.9 in. per hr had a frequency of once in 30 yr, but by the end ot 
1935 that intensity had a frequency of once in about 12 yr. Of course, by 
taking a large number of station-years such | absurdities are “ironed pers. : 
= It would seem to be m more logical to ‘apply the ‘methods of statistical 
analysis. to chance events, ‘and some statement involving the term » “per- 
“centage chance” would he preferable to the term, “frequency”, as commonly 
used. To ‘illustrate, there are on the average about four excessives per 2 g 
year, of 15-min ‘duration, at Dodge City, whereas, at Topeka, there are on 


| average” about eight. any” one of these excessives there is a 50% 


Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p. 159 
18 HyGrelegy,” by. Adolph Meyer, Am. Soc. E. 
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= ag ce that it will exceed 2.0 in. per hr; a 10% idhanes that it aie 
8.8 in. per hr; a l% chance of 5.1 in. per hr; and 1 chance in 1 000 of = 

Talbot formula has long been a orite, because of its sin mplicity 
and 3 ‘its ‘successful use in design. | Considering the paucity of data at the ; 


time it first it remarkable the design 


which é¢ (intensity times duration) the y-variable and i 
is the In this form, it is the equation of a straight line, A being 


t ntercept on 


the axis B, the slope of ‘the In is 


recorded at Kansas ‘City. one of “these storms, that of ‘September 6 
and 7 1914, is a - good | approximation toa straight line. The storms of June 
September 16, 1914, approximate a straight line if the 5- 


from the Equation, 


Intensity of Rainfall, 7, in Inches per Hour 


PRECIPITATION, KANSAS ‘car, Mo... 
‘The result is little, if. any, better when the combined data of 
: ay stations are considered. In Table 15 is listed the twenty greatest intensities 
the record of station- -yr for the State of Kansas, arranged in 
order of magnitude without regard to the location of the station. These 
os data, w when n plotted as in Fig. 12, are irregularly ‘curved lines until the high fi 
‘The writer is forced to the conclusion that attempts to "generalize, 
in the form of futile as as as conditions in 
; > hands of an 
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storm. It can be stated in the form, 
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TABLE 15. —Maxiwum INTENSITIES or RAINFALL IN Kansas, 1 
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expert, may serve a useful purpose, but appear to be so easy to apply 


they likely ‘to lead to absurd. ‘results in the hands of the inex-— 


Tt seem that the histogram or the curv 

Cuartes W. M. Am. Soo. C. (by etter). —Th 


particularly by the almost unqualified faith of 


in the “assumption that the total number of station-year 


i in | studies of frequencies without regard to the matter of 


ocations, topographical conditions, or ‘meteorological -eycles. 


Perhaps the first extensive of combined Tecords_ various” 


Conservancy District, entitled “Storm Rainfall. of Eastern United States,” 
which appeared originally i 1917. Quoting from the 1936 edition of this 


to utilize all -records that possessed any value, even 
‘though they differed materially in length, a method was adopted which sa tig 
RAE, “Assume a number of rainfall | stations, say, five, located within an 
area possessing uniform rainfall | characteristics. At station A complete 
records have been kept for a period of 70 years; at station B, for 40 years; 
at ‘station C, for 60 years; at station D, for 80 years; and at station E, for 
60 years; the aggregate of, the period ‘of records or sum being 300 year 
_ Treating this aggregate as a single record for the area under consideration, 
it may be said by the above definitions — of frequency, that the highest 
rainfall intensity recorded in the entire has with” 
= eee. of once in 300 years.’ 
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SHERMAN OX RAINFALL INTENSITIES AND ‘Discussions 


important words in this description are “located within an 
area possessing uniform rainfall 1 characteristics.” many studies have 
made in which the writers have | totally lost sight” of” this 
tion, and the authors appear have given little consideration to this 

_ requirement when they combined in ‘their studies the records of stations as 

far ‘apart geographically Boston, Mass., Dodge City, Kans., Knoxville, 

Tenn., and Yankton, Dak. The “topography and “climatological 
ditions affecting ‘quantities and intensities of rainfalls within this wide 
vary so much that there is grave doubt. 

Indeed, it be noted | that stations located only miles apart 
be subject to such different conditions that it weld. be distinctly 

improper ‘to combine the records. For instance, data relating to 


fall at the summit of Mt. Washington, in New ‘Hampshire and 


wap 


the records of several stations located within a district ‘measuring not 
than 10 to 15 miles in direction should be combined in any 
analysis of frequency. Records Is from such gages are of great importance 
studying the extent. of the area covered by intense rains” but that the 
-Tecords of ten such gages which have been maintained for 10 could” be 
of equal value toa similar ‘record of 100 yr in any 
study of frequency, obviously is impossible. 
item which is fully brought out in the foregoing quotation, 
ate perhaps not emphasized as much as it should be, is that the record at 7 
_ each of the stations | from which ray are proposed to be combined, should = 
Granted the topo- 


not be ‘combined. is questionable also how 


ay occur at each of these ‘several stations, 


2 it 
than that of a single station. If, the ¢ 
in the example given, were based on 50 stations having an average 
ery of record of yr _ Station, and perhaps ranging from yr 


me 
‘Hittle ¢ greater value than 1 that ak single | gation having the longest 


paper* presented by the late David L. Soe. 


which was” issued i in 1985, contains a much more extensive analysis 


ae Weather Bureau records of intense precipitation than that shown by the 
and appears to be of distinct importance. Mr. Yarnell stated: 


“The methods followed and ‘the results” ‘obtained differ considerably from 


Distribution of Intense Rainfall and Some Other 1 in the Design 
Water Drains,’ by Frank A. Marston, M. Am. Soc. C. E., Transactions, Am. Soc. 
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ON RAINFALL INTENSITIES AND FREQUENCIES 


of meteorological conditions | oceur with | regularity that may 
properly be called veycles, there can be n no question that wide differences 
climatological and “meteorological conditions have occurred within 
historic. times. For the ss tapegpesen of this discussion i it_may be considered 
that what is herein called a “eycle” probably has a a duration. of not less 
than 800 yr r and may be as long as 1000 yr. . Any combination of the 
records from a number of stations, which have been obtained in the yc years — 


during the part a cycle when the rainfall: is either high or 


cannot be accurate when consideration of frequencies of 300 , 500, or 1000 


With | regard» to the type of formula which 1 may best represent the rele 


oy 
between intensity of rainfall and its dur: en frequency, 
the authors state that the form, i = » was found to - best. It might Lae 


more satisfactory form and applicable to “all attempts, 

thus far ‘made, of which the writer has knowledge, to express this relation 
by a ‘formule. if the exponent, _d, is unity, Equation (29) is identical with iI 
Equation (8). at the same time, the value at is 0, (29) 
conforms to Professor Nipher’s formula of 1885 for St. Louis, Mo. iff 
has a value of (0 and d a value ‘differing from the formula 
responds” to that used by the writer? in 1905; and if | has a value other 


than and da other than formula | would 


siderably modified consideration of the discussion in Mr. 

paper.” It appears probable that the | data studied by , the authors” ‘might © 
have been analyzed by the methods + suggested by Mr. Marston so. as to 
‘provide information of great value” regarding the in 
intensity“ ‘over areas of moderate size. 

in N. Cox,” Aw. Soc. Cc 


it raises certain ‘questions as follows: athe 
Bureau standard recording rain- gage is a tilting ‘type. 0 
this type are able to operate at a certain maximum rate due to the inertia 
Transactions, Am. Soc. C. B., Vol. LIV (June, 1005), p. 173. 


Loe. oft, Vol. 95 (1981), 


Prof, of Mechanics and Hydraulics, Louisiana State Univ Baton Rouge, L 
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cox ON RAINFALL INTENSITIES AND FREQUENCIES 

_- of the parts and will not viaeniaall correctly excessive precipitation. The read- 

ings given” by the record chart are low. ‘This “under- -recording will begin 
when the intensity exceeds a about 3.5 in. or 4 in. . per hr. Then it becomes 
necessary to distribute any difference between the stick measurement and 
the chart ‘value by empirical methods. T he last sentence of ‘the first: 
paragraph under the heading “Stations: Studied” reads: id : “No correction 
factor was used for the precipitation corresponding to duration. 

‘ ‘Table 4 (a), three o occurrences of precipitation between 0.70 and 0.79 in. are 
¥ listed. These values correspond t to an intensity of about 9 in. per hr which | 
é is truly of cloudburst proportions and one which a gage of of the tilting type 
ae can not record accurately. For this reason, ‘one wonders as to ‘the exact 


Some consideration should have been given to the time of ‘year when 
ted 
in precipitation intensities as cértain run-off rates” follow. Many 


n rainfall affect off rate. For 


vegetation, ‘the condition of soil, previous precipitation are. very 


‘Important; and, in addition, the properties of. the water-sheds 
is 3 entirely possible for a 1- in. slowly falling rain in early Spring 
“cause a a greater run-off than a 3-in. . dashing rain of midsummer. _ After all, 
i 1 000 cu ft per -—" per sq mile only corresponds to a rate of 1.55 in. per 
hr. Run- off rates of this magnitude ‘may follow after Previous precipita 
tion has saturated the soil and filled the surface storage. 
Since ‘April, 1933 , the ‘Louisiana State University, in co co- oertion with 
‘the UT. s. Geological ‘Survey, under r the writer’s direction, has maintained 
a number of of U. . 8. | Weather B Bureau standard rain cans a and one weighing | 
of recording gage. During this time, data have been obtained which 
permit the: comparisons 0 of Table 16. number of times: that the 
TABLE 16. —Numeer or ‘Times Vauues Taste 6 ‘Were 


10, 15, 30, 60, 100, and 120- 11, 17, 8, 1, and 0, 
_ respectively. . During this period, in spite of the fact that Louisiana is. 
‘subject to precipitation of cloudburst ‘intensity, the maximum depth for 
the 5-min _ period was 0.42 in, which corresponds ‘to an intensity of 5.04. 
im. per hr. _ These data show the relative improbability of obtaining the 
by the author, or the Weather Bureau, for the: 
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DRU onD ON RAINFA 
DruMMoND Ese. analysis of the 
method followed by authors in determining the constants in their 

various raises the nation the actual dependability of 


06 ‘Scale i in Miles 


hei 
In it should be ‘remembered that such formulas 


eliable only of data 


Scale in Miles 
4 oe 200 300 400 500 
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GRANT ON INTENSITIES AND FREQUENCIES Discussions 

Especially» is this true the mass of data i is arbitrarily into 
ee eriods of durations, as is done in the case of rainfall intensities, _ Actually, 

“picture” presented by such data is the complete regimen “of ‘rainfall. 

‘Therefore, w considering separately that falling within certain ‘in time | limits, 
there is introduced an artificiality which must be taken into consideration i 

However, this should ‘not detract from ‘the importance of the study 
= has been submitted by Messrs. Schafmayer and Grant. Their efforts, e 


although restricted to Chicago, point the way to other investigations which 


undoubtedly will add to the information 1 possessed “concerning ‘precip- 


Regarding the use. of empirical formulas for sewer design, especially 
‘those involving frequency, it is. interesting ng compare > the results with 


Bue a study of the maximum precipitation for various time- lengths. — This, the 


3 
writer has done for 5-min intervals to include 30 “min, Figs. 13 and 
example, show ‘maximum rates, of precipitation for 5 min and 30° min, 


L. Assoc. M. Am. Soo. | 0. E E. (by letter)™. —An 


storms of short duration” do not vary greatly « over a large of Central 

‘United States. Although the bounded by a line passing through 


with re “respect ‘to the frequencies of the storms ‘were 
sa This implied | conclusion should interest all students of n meteorology and 
hydrology; it ‘is of immediate practical importance in that the curves 


the paper—particularly the very useful Fig. S—may’ be ‘applied to to 
design of storm throughout t this area. — 
a Because of the importance o this conclusion, and because the combin- J oq, 


ing of a 33-yr record for ten stations into what amounts to: 330- yr record nu. 
Seems to be justified only on t the _assumption that the storms at ef each dey 


= station are independent events which are subject to to the same system of the 


chance” causes, it is desirable to check this ‘conclusion in all ‘possible ways. al 

Be One such check was the observance by the authors of the close correspond of 
ence between the (unpublished) g graphs the: individual stations. Other 


checks may be devised which make use of the methods of mathematical ma 
statistics, and which give results expressed in terms of probability. ex] 
aoa, _ types of tests of this character which have been made by the writer seem 

o confirm the conclusion that observed differences between the ten of 


stations studied in detail are such as. might be expected as chance varia- det 
tions in samples of the size observed, if there were no variations in the 


cause ‘systems affecting the ten stations. of 

me Recelved by the Secretary Apri 9,1 
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Jur 1987 ‘koe GRANT 
‘The first of tests is the so-called x! test of ‘ft ‘devised 
by Karl Pearson and elaborated by Mr. R. Fisher” which has been 
applied to each of the seven sections of Table 4A sample calculation 
relative: to the 30-min storms of Table 4(d), is shown in Table 17, in w which | 
k= number of storms of a given ‘magnitude observed at a given si ‘Station in ah 
the 33-yr r period; an fe = 8 ected, a: 


TABLE 17. —Test yor Ooxsranor OF Cause ‘Syerem AT ‘Ten 


OF WITH THE FoLLOwING PRECIPITATION (IN 


From 0.90 to 0.99 | From 1.00 to 1.09] From 1.10 to 1.19] 1.20 and more — 


b b- b b- 
fo) fo? “served f.)? (fo- 


Knoxville, Tenn.. 
Memphis, Tenn 
Indianapolis, In 
Cincinnati, Ohio 
Detroit, Mich 
Chicago, tl 

St. Paul, Minn.... 


Yankton, 8. Dak.. 
Dodge City, Kans. 


Number expected, /.* 
Value of x? 


7 


2. 
0. 
0. 
0. 
2. 
2. 
0. 
2. 
0. 


Pe uniform conditions. V4 a Sum of Columns (3), (5), (7), and (9). Ps 


The test involves ‘the classification of the into groups 
or “cells”; the _number expected in each cell according to the hypothesis — 


to be tested | As ‘then computed. In this case the hypothesis is that aie 3-3 

ten stations are alike with: respect to the occurrence of intense s' 

each magnitude, : so that the number expected at each station is the average — 


storms 1s observed the ten stations: for each 


called x*. Probability theory give the between the number 
of “degrees of freedom” (the total number of agin ee 


correction for the number of in which the numbers expected are 
made to agree with numbers observed), and the probability, P, that if the ae. 


expected. system of causes were really operating, a departure from the expected ye 
‘number as great ‘as, or greater than, | that observed would occur a rasa matter 
of chance in random sampling. The purpose of the test, of course, is th 


Tn Table 17 it has been necessary to group together all storms in excess 


of 1.20 in. at each station; experience with the test “indicates that. 


A general explanation of thts test may be found in “Probability and Its Engineering = 
Uses”, by T. C. Fry, Articles 102-104. The specific application to a problem of the type 
‘presented in y Prof. Table 4 for homogeneity is based on unpublished notes on ees 
Inference”, ‘Pro Hotelling, of Columbia New York, N. Y. 
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Table 17 gives a x’ value of 37.1. There are 36 degrees 


40 cells: minus 4 restrictions. imposed the condition that the total 1 num-— 
ber r expected in each” precipitation group agree the total 
"observed in that group. Entering a table of x*-values, such as may be 


| 


found in man y books « on statistical methods,” these values give a 
"probability, of 0.4. This is interpreted to mean that if there were no 


real difference in the ‘cause systems affecting 30-min excessive storms at 

the ten ‘stations, variation from uniform results as great or greater 


that observed might be expected four times out “of ten. 1 In other 

hypothesis of uni- 

_formity. ‘The results obtained from x*- tests 0 on the other sections of Table 
; they, seem to confirm this 


min in duration. 


TABLE 18.—REsULTS oF x* -Tests AppLieD To Excessive RAINFALL 


comparison 
storms, in minutes Celis” | Calculated | Value of | “With the 


The second sta aloes ciel made by the writer involved the checking of — 


an hypothesis concerning the relation between average number | of 
e@ ve rainfalls per year of each duration, and the probability of any 

given number of such excessive rainfalls occurring in any single 
This hypothesis is that this | probability m may | be determined by the Poisson 


aw”, which expresses the probability of f any given number of occurrences 


™, of exactly two as 


“Statistical Methods for Research Workers’ by R.,A. Fisher, ‘Table’ pp. 96-97, 
or Fry’s “Probability and Its Engineering Uses”, Table VIII. 
mathematical derivations and discussions of “the Poisson 1s “gee Fry’ 8 
“Probability and Its Engineering Uses’, Articles 83-88. For examples of a number of 
other series which are fitted by the Poisson law, see “Applications of Poisson’s pepe ooh 
Summation”, by Frances Thorndike, Bell stem Technical Journal, Vol. 5 (1926), p. eS 
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> 
grounds | to agree with the assumptions underlying the Poisson law, at 
least in so fa far as the r rainstorms at any one station are concerned. In 
_ brief, “these assumptions are e that the quantity measured is the number of 


ceurrences of a particular event, each sample consisting of a very large 
_ number of independent trials of the event in which the probability. of the 


event occurring on any individual trial is very small. Extreme storms: 
are presumably independent e1 events ; ‘there are a great many short intervals 
of time during a year which might have such storms; the probability. of an 
extreme storm in any one of them is very small indeed. im uk ehh Mee. 
* testing the Poisson law hypothesis: it was “necessary for the writer 
to examine the original rainfall data. assembled by Messrs. Schaf- 
mayer and Grant ordér to ‘construct frequency ‘distributions which 
showed in how “many station- -years” there \ were no excessive storms of a 
given duration, and how many there were one, three » four, ete. 
expected number “of years which would have each number of 
th then 1 calculated by the Poisson law, using _the observed average. 


Table 19 data for. the storms of 10- -min duration, 


on Law Firrep to NuMBER or 10- Minute, Excesstv 


Observ member l Probability of 
Number excessive station-years Tota exactly N storms “quency in 330 
i, in each group 
storms N, in year with exactly by the Poisson station-years by 


ua 


‘It will i oted that the number of 10- -min - storms shown in Table 19 ‘te 
‘the 330 station- is necessarily the total of shown in Table 4(b) 
for the same station: -years. ‘correspondence between the observed fre- 
shown in Column (2), and the theoretical frequencies from the 
Poisson law shown in Column (5), is | extraordinarily good. Similar “checks 4 
between observed and expected values—although not. quite as close as this 
“one—were found for the frequency tables for the storms of other 


tions, tied X?-test to “compare “these | observed and expected 
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RANT ON AND 


the probability of any given’ such in 
one year, justifies the use of the wienaad law for similar calculations rela-_ 


tive to extreme storms of any frequency. instance, any storm shown 
on Fig. 5 with a fre 2 of 5 would correspond to an a average of 0.2 


storm m per jr. The probability of no such _storms i in any year may 
be computed by the Poisson law to. be 0. 819, and of exactly lyr to be 
0.164; thus, in only, 17 yr out of 1 000 would two or _ more e such s storms | 
2 occur in the same year. Such computations — would seem to be more of 


academic than of practical _ importance, although afford q 
kind of doubtful comfort te to the engineer who has just seen his storm 
overflowed by one such storm. ay tise 
he mportant practical conclusion from the Poisson calculations is 
that they furnish another « check on the hypothesis that the ‘excessive ‘storm — 
haracteri tics are the same at all of the | ten stations studied. It is a 
athematical property of the Poisson law that two or more Poisson distribu- | ‘ 
tions with ‘different averages do not add up to make another Poisson dis- 
tribution; thus, the check between ‘the total: results for the ten stations 
d the Poisson law is good evidence of similarity between n the stations. ate. & 
points of similarity and fundamental differences between this” 
study of rainfall intensity, and the many interesting studies which 
engineers have made of flood frequencies, are worthy of comment. 
Although the authors have made use of ‘no ‘ “probability curves” such as 
_ have been used in many flood studies, the s same general philosophy under-— 
ies the approach to both problems. ‘The evident fact that the authors’ 
studies of excessive rainfall frequency seem much more “conclusive than 
ny published studies of flood frequency, results from certain characteristics — 
of the rainfall problem which are not found in the flood problem. These 
advantages may be recognized if the ‘implications of a frequency or proba- 
bility approach to a problem of this type are noted. 
‘statistical or definition of probability may be stated as 


‘the described is defined ‘that. the erent 


In the flood | studies as those late Allen “Hazen,” 
‘Sai Soe. C. E., the trial may be thought | of as a year; the event which Piet 
3 happens or fails to happen is a flood of a given magnitude. — Several assump « 
tions are made, either consciously < or by implication, , in flood studies leading to to 3 
probabilities for floods of | any | given . magnitude. Among them are: (1) There — 
really is a natural law which relates to’ the probability of a flood of a given 


eos avon at a given point on a given stream at a particular time; if it were 


It would see SOnavie tit Cle discovered between 
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® “Flood Flows”, by Allen Hazen, John Wiley & Sons, 1930. Be 
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actually approach : a statistical limit; (2) successive trials are “made under 


area, the ratio of timate of in of a a given ‘flood to total years. 
same essential conditions or r enough 80 for practical purposes; 


‘that is, the flood ‘magnitude ; in one e trial is ‘is not related to a . flood ser ner 
in preceding or succeeding trials; and (3) there is a definite “relation 
between the probability or frequency of a flood of given thagnitude a1 and ~~ 
i ‘magnitude of the flo od, which relationship would be apparent if one had a : 
sufficiently long record. On the basis of a limited record an attempt is 
‘made to fit some kind of probability curve to the available data, extrapolat-— ee ; 
ing if necessary in order to obtain desired probabilities. Thus, it is com- ae 


mon for investigators us using these ‘methods to calculate the probability of 
“the 1-yr-in-100 flood from a 30- -yr record—or_ sometimes even the 1-yr- 
ie logical a of such eutnegeletion, beyond the limits of a poorly 
defined frequency curve is obvious. Different forms» of curves may seem 
to fit the limited data fairly well, and yet have 2 widely different implica- a 
_ tions outside its range when they are used as a basis of extrapolation. Thus, i: 
‘methods developed by different investigators of flood frequencies give 
very different results when applied to the same problem. " One investigator 
may designate as a -in-57 flood | what another calls 1 -yr-in-500 flood. 
Two attempts have ‘been made by investigators to avoid extrapolation 
by increasing 1 the data used from a limited “number of years of f record. 
One method has been - ‘to combine the records for a number < of streams; 
the other has been to take all the flood peaks each year in order: to obtain 
great ‘many floods from a record of short duration. Neither of. these 
devices seems reasonable with “Tespeet flood probability studies. The 
shed characteristics of the various streams are: sufficiently ‘different 
‘that floods on separate streams are not. ‘under the same essential con- 
ditions ;’ the successive foods on a ‘given a year 


‘not independent 


of x’-test to the data in 
duration | at widely come the seme 


— -88-yr Tecords | of ten stations to secure what in effect is a 330- -yr record. ng 
It also seems reasonable in these rainfall studies to ‘make “use of all 


the “excessive storms that have occurred in a ‘given y year. Although two « 


more flood in a year on the: same stream would seem to be definitely. 
32, 


related, short duration the 


___- 8 See the discussion by C. S. Jarvis, M. Am. Soc. C. E., in Proceedings Am. Soc. C. E., 
_ Papers and Discussions, October, 1927, p. 2028, for this "particular example. The a: 
in conclusions obtained by different methods of are familiar to 
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"ally, investigator of the of excessive 
wishes use his” conclusions the economic ‘design of storm sewers 
has a a great advantage « over the > investigator of flood frequencies who wishes _ 
to use his conclusions in the e economic design» gn of structures subject to 
flood. In theory at least, design for long- economy of both storm 
= ‘sewers and flood spillways would seem to require consideration of “the cost 
of ‘providing each possible capacity, the frequencies 


However, the of economy studies the fields, 


s as to the frequencies against which it is economical to design, are likely 
be quite different. typical conclusion might be that a spillway 
‘should be “designed: against a at least: the 1-yr-in- -100 flood, whereas a storm 


a should a designed, at most, against ‘the 1- -yr- in-5 excessive rainfall a 


a a yr or less involves guesswork as as to the form of 
frequency function. In the second instance, as the authors hhave demon- 


strated, 330- “yr record defines its own frequency function so that it is 
possible - to estimate the 1 -yr- in-5 rainfall with a high degree of ga 
and ‘there is no necessity for ‘extrapolation. 


Mever,” M. Am. Soo. (by letter)” paper gives 
: encouragement to those who have labored long in favor of the use of sta- 
tion-year records" from relatively large area” in preference to the present-— 


la ot 
inadequate records of intense precipitation at a single ‘station, the 


Neg 


yurpose of predicting rainfall frequency. y. The fundamental sou 


‘method of determining frequencies from station-year records: is demon- 


strated by the fact that, notwithstanding “recent severe 


the Jast eighteen years (1929- 37), added t 


the of given rates of intense “precipitation 
‘of intense precipitation, as determined 


comparison | of the frequency 


the same rates of “intense precipitation for ‘the City, 
from charts. by the late David L. Yarnell, M. Am. 


oof “the 1 100-3 yr, , 2 Tate shown i in 1 the Fig. of the Paper. 
3. 


820 Received by the Secretary April 19, 1937. 
3% “The Elements of Hydrology”, by Adolph Meyer, 1917, Gr 
84 Miscellaneous Publication 804, Dept. of ‘Asricultur 
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N RAINFALL INTENSITIES AND FREQUENCIES 

— If curves: are used, the 2-hr precipitation of 100-yr freque y is substantially 
reduced and comes it into much better agreement both with ‘Yarnell 
charts and with ‘the writer’s” formulas, first published tw twenty years “ago. 
The writer has found further satisfaction in the authors’ use definite 
ates of precipitation n for the various 1 time intervals as measures — a 
“con nstitutes “excessive rainfall” rather than the use of percentages of annual 
‘rainfall. “ Tt has always the writer’s” contention | that there is no 

material relationship between intense precipitation during short-time inter- a 

vals and annual precipitation. Stations with low annual 
quite | likely to have intense e precipitation for short- time intervals, 
although the frequency of such excessive ‘rainfalls is usually greater 

_ Another point cited by the authors: which is worthy of emphasis is the 
¢ fact that the maximum 1 rainfall determined from th the original rainfall record- ee, 
ing ‘gage charts for any given” time interval is greater than the maximum 
determined from the published tabular data. The writer has called atten-_ 

tion to this fact® in analyzing approximately 300 storms for Minneapolis 
and St. Paul, Minn.., , with a view to determining the correction which should 
applied to the tabular data published by the U.S. Weather Bureau. The 
data published for Minneapolis and St. ¢ give e results 9% too s small for 
the 5-min interval, 11% too small | for the 2- hr interval, and from 2 to 4.5% ae 
small for the intermediate intervals from 10 min to 60 min. These 


about 10% for: the 6 5-min 120- ‘min intervals are far 


rat 
c 


record,* as ‘compared ‘with those drawn the present -yr record. 
~ Another fact which bears emphasis, because of a deficiency in the earlier z se 


nblished data of t the Weather Bureau and of errors frequently made by 
those who use such data, i is that precipitation for or 


min example, must also be considered as having fallen’ in 100 and 


= 


‘the end and therefore, was not reported. Where the rain ‘did con- 
7 but the rate was not excessive, the later records of the ‘Weather Bureau a 


of the questions to which attention been directed herein resul 
in inereasing the quantity of rain 1 which may be “expected in a given time 


terval. designs are to be conservative, factors must 
4 | that the used in “Chicago gave 


equencies varying from to 2 20, yt, which were supposed to 
& _ approximately 5-yr frequencies, it must be apparent that the adoption of ne acd 


values of -frequenciés for given n rates intense precipitation will result in 


mo he Ci of Chicago. 
“better balanced and m ore economical al sewer designs for the (Ci ity of Chicag 
_-—s« &4@- Corrections for Transactions: In Table 4, heading to Column (9) change “BHgeypt” to 
“Til”? ; in caption to Fig. 4, change “65 Station-Years” to “659 Station-Years”; in Line 
5 following Fig. 7, change “eontents’ “a ‘constants” ; : and in Fig. 8, “Equation (18)” 
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INFALL FREQUE Cl 


Ounton L. Bogert,” M. Am 


study of rainfall intensities. paper. The authors have 
extended the analytical methods of comparing ‘rainfall intensities and 


pursuing statistical methods, engineers ‘Should not become 80 en- 


ts to lose sight of the ultimate aim “of the study, which is to obtain the 
run-off from a given area under the ‘worst conditions. 
‘This run-off is dependent on two factors of about: equal weight, namely, 
rainfall with which this paper is s concerned, and the run- 
off factor. Assuming that the studies are being made to establish | the 
ind size of ‘drains, the drains will be improperly proportioned if an error in 
Judgment is made in selecting either of the factors. ‘The run-off factor 
depends upon the slopes and the extent of the built-up and paved areas 
ae in the drainage district. Zoning | will tend toward making this factor slightly 
more determinate, but there i is no telling when, in the future, Court or legis- — 
‘lative action will alter zoning restrictions and “automatically put the ‘engi: 
‘neer’s assumptions of t the future character of the district awry. 


4 
Another variable. in the problem is the frozen | ground in winter which 
not considered in arriving at run- -off coefficient. snow- -covered lawn a 
with an ice glazing is equivalent i in run- -off capacity to a paved area. In ‘ 
es ee most cases of inadequate drains, the flooding will be found to occur in the 


early to high run-off from frozen and glazed snow. 
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‘DISCUSSIONS 


Ve 


R. E. B. SHARP, AND L. F. HARZA 
is noted that the losses . 
Bend the tabulation following ‘Equation (22). 
It would be of interest to have this information. comparison of Bends 
No. 1 and No. 4 as made and tested by the author does not show the true 2 
relation. The latter ‘shows the ‘amaller loss, but to give a true picture of 
the relative advantage of adopting the shape of Bend ‘No. 4 as compared 
the the of ‘curvature of axis ‘should have 
been used ‘for r both | bend ds. ‘peel 4 15 ‘= 36, whevtnd tl vis 
value for Bend No. equals 1. 333. the loss with Bend No. 1 is | cor-— 
rected 1.333 to = 36, i with tests 


As 4 


the following approximate values are 
Qfockmore) x 0 = 
The “foregoing ‘corrected values favorably, from the stand- 
1987 1 Progeedings Diag by C. A. Mockmore, M. Am. Soc. C. 


193 F. 


E., was published in February, — 
Discussion on the paper has appeared in Proceedings, as follows ay 


avis . Am. Soc. C. E.;-and May, 1937, by Jerome Fee, Assoc. M. 
ie Fs Engr., I. P. Morris Div., Baldwin- Southwark Corporation, Philadelphia, 

Received by the Secretary April 20,1987. 


“Toss in 90° Bends of Constant Circular “Cross-Se Section, by Albert Hoffmann, 
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ON FLOW CHARACTERISTICS IN ELBOW DRAFT-TU TUBES Discussions 


“the author f for the 


of interest as such. Tests” of this nature may serve as “guides for the 
construction of model draft-tubes for tests with model turbines, should 
ay not be used as the bases for “the construction of large tubes in the fi field. 


The ‘reason for this, of « ‘course, is the impossibility of distributing, properly, 
the flow at the entrance to model tubes. It is noted that although Model 


ee Draft- Tube No. 2 gave the most favorable results, the 2 author di did not 


include data as to its area of sections. The 


of the tests submitted in his paper. ‘His recommendation the vertical 
leg be trumpet- -shaped is ‘not borne out by his. comparative. tests (Bend No. 
2 as to Bend Not only the efficiency of Bend No. 2, 


Bend No. 4, with the 


this fact were made, the efficiency of Bend No. 9 would be relatively 

ereased to a value still greater than Bend No. 4, 
The ‘Company with which the writer is’ ‘connected abandoned 

the Prasil: principle of uniform deceleration, as it was demonstrated in 


that where the diverging of the tube to meet ‘this require- 
8° bere water did 


in a radial direction. 
However ‘condition not ‘apply to the vertical leg of a draft- -tube. 


gree that the  trampet- -shape will 

educe the cavitation tendency of the runner. is true that the throat 
ings of ‘some turbines of the Kaplan type e tend to. corrode. ‘This, how- 
eve does not extend down into the tube, “even with 7° to flare, 
to be a function of the movable guide-vanes as the: ‘corrosion 
is limited to parts in the line of flow from the guide- -vanes, 
Although a splitter is often beneficial, the author should draw no con- 
clusions o on that basis because Draft-Tube No. 2 showed better results with, 
than without, a splitter. This tube was apparently designed for a - splitter, 


and the: proportioned splitter greatly 


Hansa” M. Am Soo. C (by letter) seems to be a 
principle that water will flow with the least of energy, if permitted 
to conform as nearly as possible with its natural tendencies. 
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logic of a wide, shallow design, such Bend No. (see Fi ig. 8) 

can be | easily demonstrated projecting a free Stream of water tan-— 
-gentially against a curved sheet of metal. ‘The stream will spread out into 

a thi thin sheet as deflected around the curve. aa The writer is surprised, | 

‘ever, at amall -zeduction in the loss experienced in ‘Bend No. 4, 

compared with the conventional elbow, Bend No. 1. It ‘seems possible, that 
‘considerably more improvement would result from a ‘still shallower and 

wider section at the bend if. not, indeed, section that is actually flat on 


is 
the ‘equivalent of. te. n about 8 in. pipe, 
which would scarcely seem to justify the more of 
the flattened bend in practical pipe manufacture. 
In general, the: writer is in agreement with the stated draft- Sai prin- 
ciples, except perhaps » that the ‘vertical cone should be as long as possible, | 
with short-radius elbow and, consequently, a sharp inside curvature. The 
writer would indeed | agree also with this principle were it not for the better 
results apparently shown” later tests with the -long- -radius, sweep- 
ing elbow which was finally adopted for Bonneville Dam. Bre Tt is to be be a 


regretted that a a parallel test of this design, in a 6-in. inlet size, was not ae 
the author’s comparison. Apparently, it ‘was not: 
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DISCUSSIONS © 


A NEW THEORY OF RAILS 


BALDRIDGE, GEORGE W . HUNT, 


WALKER, TALBOT, RANDON FERGUSON, A. | N. REECE, 
Macee, ‘AND H.D. HussEY | 


C. w. (by letter) 2*_Under the title, New Theory 
of Rail Expansion”, Mr Africano gives a mathematical analysis. of the 


forces resulting from expansion and contraction of steel rails in track, 
with a discussion of the probable performances of long rails or continu 

i _ ously welded rails. Tests of long rails have been attracting the attention 


engineers since 1890 at least. The earliest tests, of which the writer 
has found record, consisted of an installation of 3 miles of ‘rail on the 


Lynchburg and Durham Railroad, ‘near Gladys: ‘Station, descrip- 
‘ tion of the test" shows the "installation to have been between 


- March 19 and April 25, 1892. _ Three miles of 78-Ib rail of the girder - type, 
with the ends fitted tightly puallo~eony were jointed by having the bars riveted 
as tightly as possible. The track was then “buried in’ with earth to the 


level of the top r rail on the outside and to the level of the under side of 
the head on the inside of the 


values regarding the stresses resulting from rails, which 
approach those calculated in later studies. Unfortunately, the promoter 
of the test claimed too > much for the ‘He | announced that continnow 


4. after the installation of the test, the rails: were semoved ond bolted-joint 


__Nore.—tThe paper by Alfred Africano, Jun. Am. Soc. C. B. was published in Fet ruary, 
1937, Proceedings. Discussion on the paper has appeared ‘in Proceedings, as follows: 
ril, 1937, by Mesats. Chester F. Gailor, and B. F. ‘Bonney. eid 


8 Asst. Engr., 
by the Secretary “March 9, 1937. 
Engineering News, 1892, 
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ae ae maintenance, and his attempt thus to handle the test resulted in_ the 
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a reply by the ‘Editor, to a letter of inquiry ‘the test. 


the reply, a list of the articles which had been published concerni 


Almost contemporary with ‘the e test o: on the Lynchburg and 
Railroad wa was a test of long rails made on the Michigan Central Railroad, 
“under ¢ the ‘direction of AL Torrey, Chief Engineer that line." One 
section | was composed of: One rail, 800 ft long; one rail, 5 500° ft long; 
two rails, (250 «ft long, ‘each; ; and two rails, 100 ft long, e each. Origi- 
Ly nally, it was intended to construct these long rails by electrically 
lengths, but for a preliminary study Mr. Torrey constructed the 
rails by holding _ the individual 30- ft if lengths "together by means: of 
splices” while the drilling for the turned bolts was done. one. The rail ends" 
were ‘not planes, but consequently, the joints ¢ could not be 
‘The rail was laid in the autumn of 1893 in main- -line freight tr: 
where > the traffic was one direction only, consisted of all the 
 east- bound freight business of the main line of» the Michigan Central 
ailroad. The speed over this track at that time not exceed 200 
miles p per hr, but brakes 1 were often set engines ‘sometimes — 
it was the vicinity of an interlocker. 5 
points to determined by the tests were (quoting Mr. Torrey): 
(1) Whether a eae rail would move freely enough on ties t 
under sudden and extreme changes of temperature; 
“What ‘provisions would have to be to hold 
ereeping under traffic in one direction 
rip “(3) Having been forced to use rails held in abuttal of welded, 
een whether the joint would rail ends in the 


ype, 3 

ted ihe “between the heads ‘of Bon rails was “eliminated and the ‘splice 
‘Telieved from the wear occasion ed by the movements of the rail due: to oe 


Referring to Item (2), reported that under the speed 
accommodated, the rails 


poin 
made at t the University 0 of Michigan, Arbor, Mich., which 
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with the assumption that the stiffness of the full rail was 1. The stiffness ee 
of the joint with abutted rail e ends was and the “stiffness of the joint 
—}-in. expansion and without the e turned bolts was 4, 
‘The tests were made with the rails upright and inverted, and ‘the p 

Portionate stiffness was the same for each position. RE 

From December 26, 1893, to January 

"movement at the expansi were made de in 1 the morning. 
anuary 20 to mid- summer, measurements were made at 7:00 A. M., = 
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iscussions 


at 7:00 A. M., “noon, on Week days. ‘rom 
26, 1893, until April 14, 1894, the theoretically "proper range’ of. move- 
ment was based on “temperatures 0 obtained from the United States Signal 
Office. From April 15 to mid- ‘summer, the theoretically ‘proper range of 
was based on temperatures obtained from thermometer 


the rail movement was considerably less ‘than would be forecast from the 
changes of temperature during those months, ‘such forecast should 


be made in the light of the sensitiveness of the rail to changes of tem- 
perature, as shown between “May 17 and May 20. Mr. Torrey concluded 


Byer the rail may or may not assume the air _ temperatures when ‘the 


ground is frozen and stated finally that: * * defer cts of. construction 
entered into it [the rail], which w would ‘naturally be discarded i in its suc- 
cessor, if it has one, and the results as to. smooth and noiseless ‘passage 
of the wheels wou ould probably be more favorable under better conditions.” # 
ar _ Another study of longer rails | was made public in a committee — 
the subject, ‘Miter Cut Ends Longer Rails,’ which was "presented 


at the Convention of the Roadmasters and Maintenance of 


very long” sections of r rail welded together, has ‘resulted in actual tests 
: _ being made | on the Delaware and Hudson Railroad, in four different oe 


‘recent years ars interest of the use of continuous, 


-_ 


ae, 


con- 
"some information regarding actions which result from contraction and 
expansion long rails may be gleaned from the results. of ‘the shearing 
off of track-bolts in rail- -joints during periods of severe cold weather. 
ae ‘In 1994, the writer had occasion to investigate a case in which, ae 
as severely cold night following a mild day, nineteen joints in a | distance bed 
about 25 miles had sheared off both bolts in one end of the joint, thus 2, 


steel joint bars and oil- quenched bolts. Inquiry as to maintenance revealed 
the fact” that the joints s had been bolted up as tightly a as possible, 1 ng 
wrenches which, by means of pieces pipe, had been lengthened from 


allowing the rails to pull apart. The track was laid with 


; 46 to 48 in. The bolt- -tightening had been done during an unusually w warm 


spell late in the autumn. few weeks later a sudden drop it in 


to — 18 ° F resulted in the shearing of ‘the bolts at joints wher 

reason the bolts were less tightly set, thus: ‘permitting the rails 
= slip through the joint bars. “Notwithstanding the fact that the track — 
was equipped with» single- tie-plates and only four cut “spikes: 
per tie (two for each series none of the openings between rail ends | widened 


to more than 5.5 in 


4 
— 
ide the long rail.. In the colder months 
— mbedded In a ‘ 
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7 BALDRIDGE oN N EW THEORY > OF RA RAIL EXPANSION 


During the present winter (1936-387) a x number of joints in track laid 
with 112- lb, steel joints, and “high” carbon, oil- quenched bolts, have 
"sheared bolts, allowing the rails to ‘pull apart far as the 
ion would take them. these cases, the track is also equipped with 
ingle- shouldered tie- plates and with four « cut spikes p per tie. The bolts 


ti 
had been installed by bolting machines when the rail was laid, followed 


ormal maintenance. Most: of the joints showed that no move- 


in joints a mile an “more apart; in 1 these opening 
between the rail usually about in. none reported to 
than 2.5 in, even when temperature readings” below 
zero were experienced. These rails w were laid us using expansion shims based 
Taking the coefficient “of expansion 0.000065 (which is is the 
generally used for railway rails), the width of opening found in n these cases 
represents the contraction of only 320 ft of rail, and assuming that: it was 
equally effective in both directions, it shows that the contraction of rail — 
“steel, due to zero temperature, is overcome by the resistance to -move- 
on ment of only 160 ft of 112-Ib rail held | by cut spikes i. ‘a normal manner. 


Tn order to o determine the results, of forces the -expan- 


sion and contraction of steel due to temperature changes, it is pertinent — 
to begin with a ‘single rail and then to build up up a series of rails, It is easy to 
- recognize that a ‘Single rail, (39 | ft long, resting freely y with no connections: 
xcept the ‘support under it, will have no movement, as a whole, due to a 
expansion. . Connect two rails of the same size, weight, 


and length, each rail will exert the upon the other. a 


te tppostie ‘to ‘the pull of Rail No. 3, and since e the resultant of equal and 
opposite forces is "zero, there will be “no movement. It becomes « evi- 
, dent, therefore, that as long as there is no break in the connecting joints 
ina a track the forces of expansion or of contraction nullify each other eS 
and there is ‘no resultant force to produce movement. It is also evident 
that if ‘the rails ina track are rigidly connected, the forces acting “nullify sa 
other, except for ‘short distance ‘at each end where the resistance 


to movement produced by the weight of the rail and d the grip of of 


pikes is less than the e unbalanced force of contraction or or expansion. | a: ii ‘ae ( 
_ The widths of opening between rail ends, resulting from the shearing 


of bolts prove that such distances" are not great and are 


‘These actual results in track go far. ‘to éonfirm ‘the accuracy of the 


mathematical determination of forces” resulting from, the resist 
movement t due to, contraction or expansion of long rails, as” = 


in Mr. Africano’s paper. The results found in track as described herein, 
“with the studies made by Mr. Africano, by the Kansas City 


te’ 
Railroad Company, Rail Committee and the Track 
Bulletin No. 391, A. R. E. A., November, 1936, p. 233. sf 
Bulletin No. 393, A. R. E. A., Janua 1937, p. 493. 
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of the American Railway and by borage give favor- 
able indication of the practicability of the 


ion in which the ends “are restrained means of ballast resistance 


hi movement, and, ‘finally, t to the condition in which ‘the ends are restrained 


_ partly by the ballast resistance a and partly by the joints con nnecting | the 


welded section with the adjacent track sections. . The equations developed — 

fe 


by Mr. Africano are applicable - to all lengths of welded track, from a ew 
rail lengths to a _number of miles. Their purpose is to show the a 
between ween: ‘Tie resistance; joint resistance; rail movement 
under various” changes in temperature ; and (4) to indicate proper 


balance between these factors in “avoid: damaging» strains and 


As | Equation (18) contains all of the aforementioned 


(4)), and represents third condition, it may be accepted the 
general ‘equation. Equation (9) simply a special case of Equation 
(18) when the joint restraint, P, is reduced to zero. analytical pur- 
poses, may be expressed in: fractional parts: of F, , the total force required 
to restrain the rail, and incorporated in ‘Fig. 4, thus making this graph to 
include all factors in the problem. For example, Equations (21) and 


(22) which determine the: values for the case of no joint restraint, 


ean be restated as “follows to take joint restraint into | account: ‘Reha 


in w which K’ mates (22)) equals” 0.5K penny P = 03 F; 0. 25 K 


5 F ; and 0.0625 K when f.: 0. 25 F; and F = 2816 (At). 
, the | value | of T can be read for various degrees of tie restrain é 
pose that P= = (03 F; then, for 130- rail, with a ten 
of 100°, P= 0: 3X 281 600 lb = 84 400 For a 
temperature change, P = 0. 3 x x 2 816 x 688 Ib. these 
two. Fig. chown that (Al) maz 
values shown in Table 
TABLE 3.—Vauves or mas 
Critican Leneru, (Al”)max. IN INCHES, FOR TEMPERATURE CHANGES OF: 


s the ‘opinion | of the writer “that ‘the influence of joint 


: 
as been under- estimated in the test at Mechanicsville, and that if the 


« Received by the Secretary March 24, 1937. a a 
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2000 Ib. "The opinion is ig that the 
joint: “gaps” at the “free” en nds were as in., at the | 


1000, 


S\ 


restraint i in 
between bars and ‘rail, resistance of the bolts. The 


tional | resistance in a 6- s-bolt joint may | be taken as. (3 x 20 000 x 2) 
= 60000 Ib. The bending ~resistance of one bolt. may be taken a 
as 8 000 ‘Tb, or 24 000° lb for three e bolts. this basis the total «= 


would amount 84 000 |b, about 30% of the foree, 


“required to restrain a 131-Ib rail under a a ‘temperature drop of 100 degrees. 
Tt seems reasonable, therefore, to the value of P in 
tension as | equal to. In this conneetion, it should be remembered 
the rail- drilling, bar- punching, and bolt diameter 181-Ib and 
119- Ib ‘rail sections are proportioned so as to allow only a fin. rail gap ea 
before bringing the into” bending resistance. It follows, therefore, 

that "when n the joint gaps exceed in, the frictional resistance of the 
-Dars: against the rail has been overcome and the bolts are exerting bend- ze 
ing: ‘resistance. In compression, the ends of the rails come into contact 
“before any bending strain thrown the bolts, that: the joint 
"restraint: in compression may be taken 60000 Ib. The fac ct 


joint gap h has greater | Jatitude to enlarge under ‘tension than to contract 

compression is one reason why welded track: should be laid or cloned. 

at temperatures that favor tensile strains, rather than compressive strains. — 


; The major reason is. is that t the track is less likely to he thrown out of | line 


by contraction in cold weather than hot weather. 
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to yield, sufficiently to. accommodate max» the rail-end movement. 
te ‘The actual value of the joint resistance is” of little practical importance, 
serving only to explain the variation. in 1 the v: alue of (Al” as between 4 
theory and and practice. no ease could ‘exceed the value value of F; to. 
‘fe ‘wmwelded track would have to be as stiff as” the w welded a 
eondition scarcely ‘attainable. high” value for it _would reduce the 
of ties “necessary to “restrain: the rail fully, but this _would- 
to > no Wintenie é as , long as a a special track construction was used throughout. 
increasing values it v would reduce the. value of maz and to that 


extent “reduce the ‘movement at ‘rail ga gaps” in the adjacent unwelded 
This “objective is desirable as a precaution against tensile 


becoming concentrated in one joint and pulling rails apart. 


question of using expansion joints will depend upon what weight is wary 


The question as to the temperature at which welded track should be 
closed is very important from the viewpoints of both | rail stress and rail 
movement. A range of temperature from 20° below zero: to 130° above 


zero will” give a e a mean temperature of 55° 3 but as tensile strains are less 
"objectionable than compressive “strains, welded rail ‘should be closed 


at a mperature between 70° F to 80° F. this is done, the 
= change above the closing temperature need not exceed 


‘perature ‘change. Similarly, the temperature » change e below the closing 


temperature will ‘be limited to 100° and the rail ‘movement in tension 


The | value for tie “resistance, T as a applied to well ballasted 


this subject. There is a temptation ‘to place too high a value on this” 


; 2 factor, for rail laid at high temperature, on the theory that with a a severe 
drop in temperature below the closing temperature, the ballast will ‘freeze 
and thus increase the tie resistance, r restrict the contraction movement, and 


ty build up the value for F in a shorter distance. This reasoning appears 


fallacious when it is considered that the rail ail responds very quickly 
temperature change; freezing is a slower process and could scarcely occu 


to offer resistance rail movement. In fact, in 


absence of sufficient moisture, the ballast may not freeze at all; it may 
_ have no higher 1 resistance in cold weather than in warm weather. ome ‘the 


ballast did finally freeze, subsequent to the rail movement, and thaw 


¥ 


should. set in, the temperature would have to rise to the closing tem- 


perature before any reversal of tie restraint could occur, and | considerably 
ibove this. temperature before the reversal of of tie restraint r reached 
. By this time the thaw, in all probability, would have 


gun loosen” up the ballast. felt, therefore, that. the process of 


freezing and thawing can disregarded as far as influencing ‘the ballast 


60° and the rai rail movement in compression will be limited to o that t tem- 7 


track, has probably been estimated in much the the discussion on 


7 


— DF RAIL EXPANSION Discussions — 
i 
0 

e 

4 t 
ra 
| 
— 
— 
— 
4 
(2 
bey 
— 4 
in 

1 
T 
— ic 
i 
— 

‘ 
i 
sin 
fro; 
hav 
— 
sim 
ll 


NEW THEORY OF RAIL 


ce, wl that the factor, T, can be accepted a as a fairly constant vaine 
any given ballast. section, throughout the 
——e approximation of this value can be made for loose ballast by taking 
-one- -half the weight of the rail, ties, , and ballast, above the bottom of the 
‘ties for : a distance o of 22 in., , and ‘multiplying it by the coefficient of sliding 
friction, taken a as unity. | For loose ba allast, T = 0. 5 (192 + 175 ve 758) 
561 Ib; and, for packed ballast, with the usual degree of cementation, 


fe 
it would ‘seem that 1000 Ib per tie per rail, is all that could be depended — 


on. Table 4 is i illu istrative of the manner in no which wx, the rail 


n of ties and joints are the results the writer’ 


construction and about this there may be a difference of opinion. ie Atear 


‘Tem restraint, 7, ture, At, | force, F, |(P=0.3 F), length, 
in ‘in pounds in degrees | in pounds pounds | to develop ‘in 


281 600 | Freeend | 432 
281 600 | 84480 | 197 
230 910 69 270 | 

163 330 | 49 000 


There the welded track i is is lated (that i is connected at both ends 


by with the usual joints), , these rail end movements, even 


ian 7 

in the ¢ case > of Item No. (2) are not alarming. — They would not result - in a 
any greatly. enlarged rail gap, as in all” three cases, the value of 
sufficient to distribute this ‘movement ‘through - from two to four joints. 
Insulated joints, however, would present a problem, particularly in 

No. (2) . Required to o withstand a tensile. ‘force of 281600 Tb they would 
be able to withstand only (844 480 Tb, and rail ‘gap of 2 would 
if the: joint failed. The only recourse, as a matter of precaution, 
be to install several ordinary rails on either side of the insulated joint, 
‘80 that this movement eould be distributed through several j joints, 
adopt “eome extraordinary means of increasing the” joint ‘resistance. 

similar problem will encountered at all switch-point joints, on the 
“frog s side as well as at the heel joints of all frogs. _ Here Condition No. (1), ¥ 
Table 4, would obtain, due to the break in the continuity of the ‘main- ‘ee 

track rail by the switch-point, and the: 2-in. rail end movement would © 
have to be provided for either | by a sin ngle expansion joint, or | by the more 
simple ¢ expedient of installing about four or five rails with ‘ordinary joints, 
in advance of the switch-pa point and heel, to distribute this movement. — For = 
both economical and practical, waiting through | yards 


» terminated ‘at the entering and leaving tumouts 
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No. (1), Table 4, shows that amc 
(joint resistant is zero. It follows, therefore, that if a rail ata 
_ perature drop of 100° , there would be a rail gap of 4 in. ‘Tf no special 
track construction was sed to utilize the tie ‘resistance, rail ‘gap 
_ would: be 8 in. This is one reason why it is advisable to bind the rail 
a to the ties throughout, rather than just for a distance, 7”, sufficient to 

apparent that if “rail broke, or if for any my reason section of 

il we removed, should be replaced by one of identical length, 

otherwise abnormal rail stress or rail end movement may “result when 

temperature changes radically in the other direction. repair of a 


a in “temperature ‘in the ip direction 
is best ‘illustrated by studying some specific fic case, such as that of 

elded track laid at 80° F. A rail breaks at zero: "temperature, leaving 


gap ‘at the break of 23 in, and is repaired by cutting out a distance 


accommodate a new 39- ft then re- “welding. he 


best illustrated by to Fis. that, had the rail not 
broken, the rise in temperature to 180° would have resulted in 1 a unit com- 
pressive stress of only (140 800) 12. 86 = 11000, and the rail end 
movement would have been fs in. 
breaking of the rail at 0° F and its repair’ by adding 4 in. to 
th the length 1 would result, in a concentrated compressive stress at the break 


as the break was far ‘enough away from 
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n HUNT 
for the ties and joint restraint to 
In Fig. . 6 this distance i is 148 414 = 562 ft. Fig. 7 shows the 
tions that would exist had the rail broken 300 ft from the end of 
welded section. theoretical “gap at the break would be in. 
‘temperature it assumed, was not restored when 


vor 


Ft; N=158 Ties 
ata 


y When a temperature of 130° is reached, a peak of maximum Value for 
will arise at Point C, Fig. 7, determined by the 1e value of the joint 
resistance plus the tie resistance developed in 300 in. This value will 
be 60.000 (300 x x 12 x 1000) + 22 293 630 Ib, or ‘equivalent to 
unit ‘Stress of 18 400 Ib per ‘sq in. ~The rail movement at 
be equal t to + al. From CH) value for Al” is 


fi 


of this neglect would to limit the room for higher 

‘peratures, im the joints of ‘the adjacent unwelded track. 
This” discussion shows that the repair of broken rails without restor- 
ing the original strained condition, may result in one of two conditions: 

§ Either the stress may be radically increased locally, adding to the hazard 

of buckling: track, or the end ‘movement may be increased radically, creat- 

ing a necessity for expansion joints. Repairs in cold weather wou ld 
create excessive compressive strains in hot weather, and ‘Tepairs in 
weather would» be likely to create excessive tensile strains in cold weather. 
It follows, that welded ‘rail should ‘be repaired y wherever possible 
at or close to the _ temperature it was laid, and that work 

kind will require the most rigid rules’ and careful ‘supervision. 
Although rail welded into: continuous stretches should reduce 


the n necessity for lining and “surfacing track, a ( 


> 
f 
Ba | 
“i 
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a 
-—§ Should the break occur at or very close to End A> where the only — 
@ force is the joint restraint, the rails would separate very little if 
broke. Even if they separated considerably, the neglect of correction 
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be done the utmost care. “Out of work as raising 
track, cleaning cribs, and re- ballasting, Should not be undertaken except 


at on that at which the rail was -daid, “say, between 


‘55° Out. of face” is, term used by track it 
or 


ing of all joints continuously ; spot surfacing” means just raising 


_ With due consideration to the features mentioned, the writer can see 
o reason why welding of rail into continuous st ehchen cannot be prac a 


ticed resulting” economy, and ; greatly improved 

Frank B. M. Soc. C. E. letter). "—The mathematical 

formulas developed by author are of in rest ‘to maintenance e-of-way 
ers, and the “conclusions derived are apparently confirmed, at least 


= * part, by the experience of the Eastern Massachusetts Street Railway 


in. 310 1 miles welded At one 
s duri 


ng recent years has 
were 48- “Ib, 60- lb, and lb tee- e-rail (Am. Soc. C. E. standard). The 


“ballast. ‘There were no tie-plates. The rail welded in 1919, 1920, and 1921, 
had few expansion joints although some of the sections were more than 


hed mile in length, , as indicated i in the e following li 
Brockton and Easton. 


* jy 


Salem- Danvers Line 8300 


Peabody- 


welded track. ge during 
ery cold winter night, especially when the temperature was falling 
rapidly “near zero, a would break. defects, together with» 
high | tension due temperature ch _changes, were believed to have been the 
cause, as they occurred only in old rail. "New rail did - not break under these ¥ 
conditions. It may be assumed that the difference in temperature 


* Chf. Engr., Eastern Massachusetts Street Ry., Boston Mass. 
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of welding o the time of failure was from 70° 
or two of the so-called ‘ “sun kinks” during hot 


8.—View or a “Su KINK” A AW /ELDED TRACK. 


the rail "broke, or appeared, "expansion: joints 


1 were installed (not necessarily at, the break), about 20 rail” lengths 
ft apart ‘on tangents and at the ends of long curves. After the 
installation of expansion: joints no sun kinks occurred, but rail breaks 
on old rail, did occur -oceasionally. Sometimes these breaks were at long 
distances from the expansion joints, and at other times a a few 
feet, or rail length, away. Where expansion joints were 660 
was thought at first that ‘the expansion would be 6. in. 


learned that the actual expansion did not exceed one- -half ‘the antici- 

pated expansion. This phenomenon is mentioned by t y the author in 

ection with the experience on the ‘Victorian Railways in Australia. Jas 


Hundreds of expansion joints were examined during” hot 


_ weather over a period extending from 1922, to 1934, and their movement, 


ue to temperature changes” only, did not exceed the 2 to 3 in. | When a a a. 
a very loud ‘report and the ends separated by a ‘distance 


never in excess of 2 in. ‘Table 5 contains information thirteen 
ails, the distance of the break from nee 
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Miscussions 
rail in. a Hig. 8 was a tee-rail | (Am, Soc. 0. standard, laid 


2 ft the ends: 


TABLE 5. —Recorp or Raw I We 


Date D Date | Date 


from 
welded; earest b | welded;| break; 


summer winter 


in 


300 


grap we iken a after the sun kink appeared. ‘The 


rail” was welded n the 1920. It in service through 

co d winter, and a late, 

time in early 1921, after eal: night, the temperat 


to about 100° F, and ‘this abrupt change produced a 
sun kink, in | track only. kinking of rails also moved 
the ties laterally. ‘There was no noticeable or ‘displacement of ‘the 


ck pikes. It i is believed by the Company that this sun 
would have occurrec 


‘such a as larger or more track spikes, scre\ spikes, or | even ‘shoulder ti tie- 


plates, had been used. As far as had been observed previously the rail 


been in perfect line and ‘surface. There’ were no expansion joints” 


he the sun occurred, but expansion joints: installed 
immediately and n no » further trouble occurred. The dis ontinued 
Another kind difficulty occurred on hot summer day 


leg was almost cut off when he pulled out too many spikes i in ‘renewing 
of the remaining spikes, catching his leg : inst the 


2 
It is from ‘ie ‘atithor's: ‘mathematical | ‘discussion and 
experienced with maintaining welded track, that 


no dou abt th onstruction 


ordinary 
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track ‘is desirable The ‘rail will the additional 


tension induced by in 1 temperature. It is suggested that no 


alle be done when the temperature is extremely | hot or cold. | aah 

Artuur N. Tatsor.” Past- PRESIDENT AND ‘Hoy. Am. Soo. E. (by 
letter). **—To many engineers, paper has brought the news ‘that long 
- stretches of continuous welded rail “have been used or on railroads without — 
troublesome expansion and contraction difficulties. those familiar with 


modern developments in track construction ‘the nature of the forces 
to the track it was not unexpected that, on a long” ‘stretch of 
continuous welded rail connected firmly to a “suitable substructure of ties 


+ and ballast, the cumulative a anchorage of the e ties ix in the ballast at the e two 


ends will reach a total force sufficient to hold an ii intermediate section oe 


tionary and fixed through the usual range of atmospheric temperature. with- 
“out changes in length, except for local effects. Tn the substructure used in aa at 


"present installations the rail is secured firmly to ‘each tie in a manner such — 


“versely f track, and the tes are. well bedded in ballast. ‘This anchorage 


; - must be such as to provide adequately for the great force required to ce 


equal to obtained. in both summer winter exposure also 
provide adequate transverse support against lateral buckling ‘during: 


highest temperatures. These requirements imply a "construction. differing 
a from the ordinary 1 run of common track, in which the rail can be lifted from _ 
the tie a_ short distance and is” held anchors along its length | 


Toughly and not fixedly with respect to the ties; that is, the rail must 
fastened to the tie so. “that there will be neither longitudinal nor trans 


verse movement between’ them, the relation | 


bed must be one of firmness and security. 


ini Iti is obvious that an analysis of the action of ‘welded rail under such 


conditions must be based on known assumed premises and, as in all: 


of premises, start must be made to Tearn what 


beginning an analysis in matter, firs 


_inquiry to the possible ways in which the portions of the track 


act. Many questions arise. In "developing the 
By unmoving intermediate part of the length of the welded stretch, 


s the anchorage act elastically? Does the anchoring force | the 


ties and ballast, longitudinally along the track with the: changes in tem- 


even i in ‘small "amounts? Is the ‘nature. and "magnitude of the 
; ackward and. forward directions—that is, with ris- 
4 ing and “falling Do the ties near the end of the wetted 


stretch, where the movement of the rail under temperature changes i is 


Prof, Emeritus, Coll. of Univ. of Illinois ; and Chairman, Committee on Stresses 
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oie of the rail, or is it ‘constant throughout any range of temperature? In 


other words if | the rise in temperature from the laying and fastening tem- a 
perature is first and then n 40° more, does the 80° increase 


te temperature | result i in twice as long an anchorage length as the 40° increase? 
Then, there are questions as. to the source of the anchorage. Granting 
> the rail does not slip over the tie (considered as essential in this form — 
construction) | is the | anchorage due friction of the ties on the — 


ee ae reason of pressure of the tie on, and in, the ballast so that the anchorage 


rate will have a constant value throughout any given anchoring stretch; or 
nchorage utilize some compressive resistance in the ballast, ties, 
and fittings? aL the latter, does the movement o: of the tie within the ballast, . 
ed 1 vary "with the longitudinal anchorage f force developed? How 
rail at the the stretch move without a movement of the ballast 
r sensible m nts of the rail end, will the tie 1 move sufficiently to leave 
‘behind it t which would closed on ‘Teversing the 


Furthermore, if the ultimate resistance reached, what will be 


the nature of the failure (all materials” their resistance) a 


we it shear along a plane under the ties, ‘or what? 


‘These queries" and others, although important, mostly await further 


"experience "investigation. . definite explicit informa- 


end portion that acts as anchorage restraint: ; and (2) the v value of the 


rate of a anchorage force i is constant regardless of the magnitude of the change 


in temperature from the laying of the welded rail. 


Per 

‘They were chosen “tentatively the writer in 1985, he began 

sidering the phenomena of long stretches: of ‘welded track preliminary 


planning tests: and ‘observations on. ‘the track of the Delaware ard “Hudson 
Corporation for the ‘Track Stresses Investigation of the Joint ‘Committee 
on Stresses ‘in Railroad Track, which is a co-operative investigation of the 


Society and the American Railway Engineering Association. The assump- 

ions at the ‘time with other statements of ‘the 

the general action of the track in a preliminary manner, 


use may be made of assumed anchorage conditions. The simplest one and © 
he one most likely to come to mind is the assumption that each tie toward the 
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together accumulate a force of sufficient ‘magnitude to 

i the intermediate portion of the rail fully so that it will not contract or 
expand under the given change in temperature. A second simple assump- — 
= _ tion may be made, which at first — may be considered a — a 


action of the track. At any rate they will be 
the possible magnitude and distribution of force and the 


movement of the end portions under temperature change.” 


In the study, the calculus nethod was first used similar 
given in the paper, | but the premises assumed were simple that it seemed 
sufficient and preferable to use the analogy of constant increments of force — 
and constant acceleration, following the of _ mechanics, and at 
‘once w write equations for length of anchorage and for rail movement 
without the more formal phraseology of the calculus. The force transmitted 
a through: the joint. at the end of the stretch was included readily in the Se. 
general consideration. It should be stated that this discussion refers to 
_ stretches with | a length more than sufficient to | give full anchorage. Some rs 
ol the further statements formulated at that time (omitting the derivations 


gates 
this force being independent of the length of ‘the ‘fally ‘restrained part and — 
the unit stress there being s = Atn FE. (See Equation (2).) 
(2) Calling 1” the length of the end part of the rail (that giving ~ 
_ the anchorage to the intermediate and fully restrained portion), under the 
- assumption of a uniformly increasing stress in the rail from zero at the end 
of the rail to the full stress, s, at the other end of the anchorage and, like- “ 7 
Wise, to the full anchorage force, , Atn EA, the movement of the end of the 
rail: * will be one-half _ the full temperature expansion or contraction for 
the length, 1”; that is, 0.5 Atnl”’. Likewise, the distribution of the al 
age force alon; will be per unit of len h, 
on made, is: 


(3) From (1) (2) and ‘Equations (26), (27), and 

ertain deductions may be made: (a) Assumption (2) implies | that for any 
given change in temperature the | full available anchorage force per unit of | 
length (and likewise the anchorage force per tie) will developed and 

_ applied on the ‘anchorage. portion, whether the temperature change is small . Be 
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- length or per tie will vary directly as the temperature change—twice as _ 
_ great a temperature change will require or use twice as long an anchorage © 

length; and the movement of the rail end for the same conditions will 

.& as the square of the temperature change—twice as great im pier 

ture: change will result in four times as great a jeorement at the rail end.” 

Naturally, the. ‘observational tests on track of the Stresses 
Track Investigation were planned to cover the validity of the two assump- 

As the results of the tests are: giving needed cumulative information 

as to of welded track, it seems germane to the discussion of this 

paper to to present some of the results which bear on the assumptions made in mY 

the analyses, with a very brief statement of the ‘methods used in n the 


taal Reference points readings: to determine lo ongitudinal and lateral | 
movements of the rail along the track had been included in the program | 
undertaken by the engineers of the r railroad companies; was thought 
not necessary duplicate these observations. ‘The method of test chosen 
was” based on strain- n-gage measurements longitudinally along” ‘the web of 
rail (8- -in. or 10-1 in. gage lengths) on gage lines ‘distributed throughout 
Tength of the stretches, with simultaneous measurement of the rail tem-— 
peratures along the stretch and frequent comparison of the strain-gage with 
_-yeference bars or comparators. ty The strain-gage "measurements were made 
at several rail temperatures | in ‘summer and winter. The rail temperature © 
was” found, accurately and quickly, by an open- -ended thermo- -couple and 
portable potentiometer. An invar reference of known expansion co- 0- 


efficient, short piece of rail similar to that the track, and, later, 
compensating comparator giving almost no ‘variation in length with: changes 


in temperature were used in the tests ; “temperature and ‘temperature 
rection for both rail and instrumental equipment, of course, were extreme 


~ 


an example of the distribution of the gage lines, tele spacing : 


ec: the mile stretch of the Bessemer and Lake Erie Railroad may be cited. — 
Beginning at the ends of the welded stretch gage lines” were placed on 

both: rails, at distances from ends, of 3, 10, 380, and 585 ft; then at intervals 


one rail length to the tenth rail; then at distances of lengths to 


the twenty-fourth rail length; and deals at distances of four rail lengths d. 


about the mid- of the welded stretch. Additional gage lines were 


placed at points: ‘special ‘interest reason curves and other local 

w was not convenient to observations at the the» rail 
laying; besides, later adjustments by track men and other changes, would | F 
- have rendered data taken then of doubtful value for the ‘Purposes of the 


investigation. Observations were ‘made in September, 1985, on 


stretch of track of the Delaware and Hudson Railroad Corporation at 


Albany, N. Y., and on two ‘stretches at Schenectady, N. the length of 
these welded s stretches varied from 0. 5 mile to 1.3 miles. Further tests on these 


stretches made in Ja anuary, 36, August, 1936, and J anuary, 1937. 


Equivalent Stress, in Thousands of Lb per Sqin. _ 
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G. E. the Lake Erie Railroad ‘Company near 


"Pittsburgh, ‘Pa, in July, 1936, ‘February, 1937. ‘The rail on the 
Albany stretch was 130-Ib and on the » others, 131-lb. i The alignment of these — 
stretches contained various curves fi from ° 30 to 7 degrees. _in the 
mer er tests, rail temperatures ‘made as high a as 120° and, the 
pense r tests, observations were made at rail temperatures as low as 18° F. 


Tests were also ‘made at medium temperatures. Observations in the early 


g, or on cloudy days, were useful to form ‘basis of comparison 
changes in length in the Generally, check sets of -Teadings: 


A few of the results” the tests on the Bessemer and Lake Erie ‘Rail 
‘Toad will give an idea of ‘the nature of the information obtained in all — 
: the tests. In Fig. 9 are plotted the changes in length observed along ~~ 
| 


Distance, in Rail Lengths, from South End 4 


mile stretch for two representative serles in summer and two in 

The ‘position along the stretch is shown in terms of rail lengths | of 39 ft 
j each, Naturally, the temperatures of the rail at any time v varied S01 
as the conditions of shade and e: exposure varied, and these variations ons affected 

the stresses” the -Tovements. The rail temperatures along the track 

for the series shown were re 108° to 118°, 59° to 60°, 26° to 33°, and 13° to 

19°, As the changes in length from one temperature to another 
quite minute, for ease in picturing values the unit strains (inches mi 

ave equivalent stress per ‘square inch in steel for 


—that is, that which would 
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ON NEW OF RAIL EXPANSION 
an force had produced the given change in length» 
without in temperature. ‘The e observations ‘before sunrise o on 
day in July with a rail ‘the basis or 
will be noted that ‘throughout the ‘interm ediate part of the welded 
stretch (about 0.9 mile) very little change o oceurred—only small local 
changes— -the “rail having ‘been held closely to ‘one length through all “these 
temperature. the differences are generally so small, not 


all the ‘points for the four r series are on the diagram. For ‘the 


the rails changed length an 1 average “distance of about seven rail 


summer a in winter, with some rounding the line 


108-118°F% ae 
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traction occurs: in each end portion, and that tl the long intermediate portio 
remains practically fixed in position with the various changes, in tempera- 


at t the time the observations were made. is evident that under 
these conditions there is no pull or drag o on the ties of this intermediate 


‘ portion, except 2 as as may be caused by differences in exposure peer other local 

In Fig 10 are recorded the in in rail throughout the 

length of the stretch based on the rail temperatures | and /strain- -gage readings 

at the time of “observation as compared with ‘readings at a base temperature 


of 58° F, which were taken before. ‘sunrise in the summer of with 


temperature conditions. very uniform over the entire stretch. the sum- 
‘mer observations, at an average temperature of 113° F, relative 
sive stresses over the intermediate 0.9 mile are shout 1 000 Ib per sq in, 

and for the winter observation ata temperature of | about 16° the relative 
_ tensile stresses : average somewhat | less than 8 000 lb per sq in. » b ., both values | = 
being based ‘upon ‘the readings at 53° ao this means that 
zero reference line” represents the stress at 53° if the reference line 
were placed | at 63° F, the temperature at which the rails were originally 
fastened in the track” (the difference o of 10° in temperature e representing 
"approximately 2000 per in.), , the corresponding compressive. stress 

‘on the summer test would be approximately 10 000 Tb per | sq in. and, for 
“the winter test, a “tensile stress of aproximately 10000 Ib per sq i ‘in. = For. 

summer "temperatures higher those observed for lower winter. 
accordance with other data obtained, the stress 
- expected to increase in proportion | to the ‘increase in ‘change in temperature 


rom the 63° > base. For the winter tests, the end portions. show a 


off of stress over the distance of, say, seven rail lengths _ to nothing at the 


end. the "summer tests, ‘there was a similar tapering off in ‘seven ra rail 
lengths a stress of 2000 to 6.000 per. sq in. at the end. This 


compressive stress was doubtless transmitted through joint connecting 
the 1 welded stretch to the regular track beyond. Incidentally, it may 


: remarked that joints have been found to transmit tensile and compressive — 2 
: forces” to the adjacent rail equivalent to ‘as much as 4000 and 6000 Ib per 7s 
data given in Figs 9 and 10, corroborated by the track tests 
at Albany and | Schenectady, indicate that within the range of a 
observed ‘the ‘magnitudes of the change in temperature for different series 
“having different: temperature changes do not particularly affect the length 
of track over which expansion and contraction takes place at each of the 


portions. it is ‘apparent, too, that the central part of th 1e stretch has 


The change in in stress over the end portions of sev 

"lengths, i is fairly regular with some rounding off near the point: of fixity, 

_ although, of course, there are ‘changes. in ‘position from time to time at fr 

the: extreme ends of the welded rail and the movement here is not always 
regular. The length of the end portions which give anchorage to the inter- 


mediate and the stress Set up in 1 the intermediate portion 


| 

— 
— 
= 
. 
: — 
— 
— 

a 

— 

__| 

. 
— 

be 
1S 
a 
— 


ON NEW ‘THEORY 


to an average anchorage or ‘restraint of a 


irection for the temperatures of 113° F and 16° F as counted above and | 

below a laying temperature of F. If the anchorage length remains 
fairly” ‘constant for temperatures above | or below the _aforementionad range 

as is indicated to be the case by the data of the various - tests, the cor. 


- responding anchorage force would be proportionally greater than 600 Ib. a 


ppt iy It may be added that no indication was observable of any visible move- 


ment between the ballast and ties one way or the other at times of 


the tests or of any particular, change in length | of the anchorage developed. — 
fs It was found, however, that breakage in imperfect welds and readjustment 


of track cool weather have, in Places, changed the conditions of stress 
and anchorage consid derably. It is not known, of course, what the ultimate 


hearing strength of the beast bed d may be. The track seems to 


i the data of 1 the tests on this stretch o of welded ‘rail, onl also on the 


tested, that the rate of anchorage | is ‘fairly uniform 


+ indicate that that the length of the average anchor- 
age ‘portion remains about the same for different. values of the change in 


ts This conclusion is not in accord with Assumption (2) of © 


discussion referred to previously as having been made by the writer 


Brae peed earlier study of the problem, nor with an implied assumption of the 


we that in a given track the anchorage force is a constant ‘regardless 

of the value of the difference temperature. other words, the tests 

is not the same for ‘different values. of At, but varies nearly 


only when the value of T used 


4 esponds to the given Ate ‘j It also follows that Ttem (2) in the second para- ae 


the tracks of the Delaware ‘iad, "Railroad and on those of ‘the 


Bessemer and Lake Erie “Railroad that the expansion a at the end 
of the welded stretch varies as the first power of the change i in temperature 
athe as the: ‘square, and also that the the length required to develop the 


emperature difference foe given track) is not t tests | 


should | be ey “im the use ¢ of ‘the formulas ¢ given in . the remainder of ‘the 
‘paper where the reader may be ‘led to think that T is implicitly used as 


constant for a given track. Caution i in this. respect is suggested in the use 


of ‘Equations (18), (20), and (21). It may be implied from. the wordin : 


in ‘Example 4 ‘that the value « of inthe: same for a temperature hange 0 
100 ° F as for one of 58° F. This assumption is not. in accord with the results. 
obtained in the Stresses ‘in Track Investigation. These several inaccuracies 


n the . analysis and its” applications + affect the e usefulness of the “theory” i 


a way that seems to warrant calling the attention of the reader to ——_ 
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‘ON NEW THEORY OF L EXPANSION 
_ These ‘comments are made ‘in the light of what has been learned s0 = 

in the | observational tests of four stretches of long welded track, all of which — 

are in a sense experimental . It is | planned to continue the seasonal tests 
to learn the changes that occur at later dates when time and traffic may 
have had their effects. stated by, Mr. Africano further fundamental 
knowledge of the physical action of welded rail in n track is needed. . It will 

take time to se secure this” information. Much more must be learned of 

- welds before welded t track, with its higher investment in welds and sub-| 
‘structure, will: be generally ‘accepted as ‘a standard for high- grade track. 
s That interest has been aroused in this type” of construction is shown | - 
5 the starting 0 of an investigation on continuous welded rail at the Engineer- 
ing Experiment Station, University of Illinois, through a co-operative agree- 
_ with the American Railway Engineering Association and the Associa- 
American Railroads. The Investigation will study the strength, 


> welds a 


¥ 


2 


To. a coefficient of linear expansion steel 


varies over quite ; a range; the International Critical Tables ¢ give values in eo 
=, range of rail steel from 0. 0.0000055 to 0. 0000072. For 131-lb rail tested = +2 


at the University of iinet, Urbana, Til., , the coefficient was found to be = 


The ‘author ‘is to be commended forth an analysis in a new 
“field, even without having adequate experimental evidence of the action of 
_‘Ranpon Fercuson,” Assoc. M. Am. Soo. OC. = (by letter).” ™ 
“member of the test party of the Special Committee on Stresses in Railroad 
Track of the ‘Society and ‘the American Railway Engineering 
the writer has been engaged 1 on tests on several Sections: of long welded 
track. A short. discussion on some of these tests. has been published else- 


where.” Further ‘discussion and description of various installations are 


also available in th the reports of the on Rail the American 

Although the tests are at 


ey ments of a tentative nature may be mode as to the results. 


Asst. Engr., Joint Comm. on Stresses in Railroad Track, Univ. 


Received by the 16, 1937 
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1€ of the welded stretch might well be made much stronger. Without con-  ## # = 
tinuous rigid support, breakage of rail in the intermediate portion of the 
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ON NEW THEORY OF RAIL Discussions 


ul the of the tie resistance is frictional, as assumed by 


frictional resistance would imply that the value of the 


— 


ie resistance, T, is a constant for any given track for all, ‘temperature 
hanges if end occurs, as it apparently does, and that 
of track giving anchorage would depend on the temperature change. 
Instead, d, the tests on the the Delaware and Hudson Railroad 
Company y and and Lake Erie Railroad Company indicate that 
the degree (of tie anchorage on a given track varies with _the magnitude 


cna f the temperature change, and that the length of track giving anchorage — 
es remains constant for all changes of temperature both winter and sumn 


nmer, 


not necessarily a straight ‘Mn; as the in E tquation (3). 


‘The tracks tested 1 have been found to be quite “completely anchored | 
except for: the end portions where. the eriodic ‘expansion ‘or contraction 


due to temperature occurs over a “distance of about five to twenty 39-ft 


MUL 


should | be stated for the of readers are not intimately 
with: the — inst allations of rail, as 


inc available longitu ‘compared with the usual 


practice of applying three to six rail anchors per rail. Ordinarily, the rail 
4 nchors are effective in one direction only. Of « course , the fastenings | must 


be provided | over entire stretch “whether or n not. ‘they: doing” 


work. r rail | ‘breakage, in a weld or at “onee ‘requires the é 

rack adjacent to the bre ak to be capable of “withstanding forces: of 

the same magnitude those occurring at the normal end ‘portions. 

The tests have indicated the “development of tie resistances of about 

Ib per tie per rail in ‘each direction, a rail temperature e range 


of above or | below the temperature, value of 


ases 


7 


‘The of temperature of the over 


year. In the absence of or r protective covering, such 
snow, the rail | follows the air temperature quite closely. On a 


day, either r wi winter OF summer, the rail may be as” much as 40° 
then the air temperature if there is no breeze, WwW ith snow around the 


— 


rail t “has found to be to warmer than 
the air temp 7 


g 
— Bt 
— 
— 
— 
a 
a 
— 
— 
— 
— 
gt 
0 
— 
— 
— a 
— 
— 
— 
a jj. observed has been through the clips, and this occurred in a few Re 
i 4 -_ Gee when a rail broke or the end joints were loosened for adjustment. ey 
a ballast in all cases was snugly bedded against the ties with no evi 
bis 
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REECE ‘NEW THEORY OF OF RAIL ‘EXPANSION 


A. N. Reece,” M. AM. letter).** directing attention 
to factors influencing the amount of rail expansion, that have quite generally 


been neglected in the past by engineers: in th the United States, “this paper 


serves a useful purpose. — Not only does ‘the new theory y that Mr. Africano = 
a 


but it shows equally well ‘that ¢ expansion | requirements for rails of endineny 


length, secured only with spike rail fastenings, appreciably less” 


the theoretical requirements based the that the rail 


is free to. expand without restraint. 
example, in a 131-lb rail a or oss- sectional ar of 12. 86 in., 


S « a force « of 12.86 x 0.0000065 x 30000000 = 2500 Ib, is soe of to restrain 
the rail fully through a temperature change of 1° F. Assuming | that six- -hole 
joint bars, with bolts tightened, will - develop sufficient frictional resistance _ 
so that a force of 7 75000 Ib is required to slip the rails within the bars, 


then, for a temperature increase or decrease of —— 30° F, there 


would be no rail end “movement. This joint: ‘restraint would then be sufficient 


to to prevent t rail expansion or contraction through 60° of the seasonal varia- 
| tion in rail temperature, or almost throughout one- shalt the range. . Thus, = 
 one- -half the expansion allowance, calculated for the rail without ee 
be allowed. full advantage of this condition, however, it 


would be “ecessary to lay the rail il temperatures ranging from less 


of the maximum to “more than 30° of the minimum, 


which are “destined to 
M. Macer, Eso” (by letter) recent years, the | expansive action 
of rails s subject to joint and tie restraint has been given intensive study in ig 


3 Germany by ‘several investigators. In addition to theoretical analyses of 
‘temperature change and restraining forces, considerable research work was 


conducted to determine the actual values of joint and tie restraints. The 
adoption of a new track construction as standard on the German National — ree 


Railways in 1925, provided : a tie- -plate fastened to each tie with four screw 
spikes, a compressed wooden ‘shim between rail plate, and a frm 
fastening of rail to each ‘plate by two clamp bolts, clamps, and double- coil 

spring washers. This construction also” been introduced in the United 


found ‘that with | this type of fastening, the ‘rail not 
through the plate, but that where longitudinal movement of the rail did 
occur, the rail, ties, and ballast within the cribs moved as a unit, presumably 


slipping along. a plane at the bottom of the ties. In 1929, Ammann 
....*% Chf, Engr., Kansas City Southern Ry., Kansas City, Mo. 
Received by the Secretary May 8, 1937. tes 
* Asst. Engr., Kansas City Southern Ry., Kansas ld Mo. 
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MAGEE ON THEORY (OF Discussions 


end, and known longitudinal forces applied to the rail ends by hydraulic 
jacks, order to determine the tie resistance longitudinal 


of rail. Later investigations made on track in traffic and 


under different weather conditions. “A tie x resistance of. per running 


3 ca meter of rail was observed for 24 wooden ties per 15-m rail length 
Me As a a result of the analysis of ‘expansion 1 movement with proper a 


to 98 ft, by two when the old rail was servicesble, 
or purchasing new rail of 30-m length. Trial installations w were 


welded installations of rail have been placed in open track in 


the United States” on two railroads. The first “installations were placed. 
li ee on the Delaware and nln Railroad, using a type of construction similar 


is in principle to to the German fastening, but differing principally in that two 
spring clips ¢ and bolts secured the rail to the plate and ‘no shims were 


used. An i installation ‘of long welded. rail has: been placed on the 


ae Bessemer and Lake Erie Railroad, using the German type of construction. _ 


eX The 1 new w theory o of rail expansion described by Mr. -Africano « explains 1s ‘the 


a shows ‘that, this welded “construction, ‘expansion "movements may be 


_ Although, as Mr. Africano— points out, the rail fastenings are 


‘required only at the ends of long welded rail to ) restrain the expansion, it hs 
‘should not be that these fastenings are ‘not needed at ‘the intervening 


fi ‘prevent - excessive of opening of the rail in the event of rail breakage in cold 


‘Their function is a highly valuable one at the intervening ties to 


a. eee to buckle at a point of weakness, the rail is held from running into 


- this poet of weakness" and a ionic s thus prevented in its beginning 


“The rail tresses. due to restraint of the expansion must ‘be dis 
"regarded. Should rail ‘be laid, welded, and ‘secured in the hottest weather, 


1 tension stress due to. temperature | effects i in _the coldest, weather 


laying of this of track at mean temperatures 


disadvantages stress due to ‘rail tension in winter 


and buckling forces i in summer. The maximum “rail- tension stress 
15000 Ib per sq in. ., due to temperature » effect, which would be developed 


in this method of laying, is “probably not too severe for the heavier rail 


sections that weigh 131 Ib per yd, or more. 


“Latest Investigations in Regard to the Effect Which the Longitudinal Forces Exert 
on the Rails”, by Prof. Dr. -Ing. Ammann, Karlsruhe, ‘Germany, 
Review, Issue No. 47, ‘November 20, 1929. 
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weather and to “resist track buckling in hot weather. Should the track 
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? indicate - that with traffic in one direction, the rail is’ likely to show some- 4 a 


what more movement at one . end of the long welded rail than | at the other. ae 

Bce not seem , however, that this will appreciably al es the analytical — ¥ 


There is also some questi as to whether the tie resistance to hori- 
_ zontal movement may be considered as an elastic : resistance similar to the av 2 

modulus of track resistance, u, to vertical ‘depression. It is to be expected 

‘that the tie resistance is more in the nature 0 of a . frictional, ‘rather than of an 


The author is to be for his invaluable analysis of this 
D. Hussey,” M. Am. E (by letter).™ “—The assumption 


- made in this ‘paper that long welded rails are laid in tangent, level track, i. 


and the author has developed eth c ting th stre s in th ra 
n hor has | Jevelop am thod of computing the ss in 


rails and the end for a change in temperature and a known tie 


the stress in the “rails produces a a force which tends to displace 
ties laterally. This force on each tie is: 


to notation of the paper, ‘radia force on 


Africano demon-— 


‘ rails are laid on a 1° curve and that the tie- “spacing, c, is 22 in. Then, 
by Equation (29), = = 1.80 lb for change in temperature. For 100° 
a -=1 180 lb. This force must be added to (or sub- 
tracted from) the radial force on the tie ‘that is due to a train passing ar 
e around the curve. . When the temperature is higher than that at which ‘the — ; 
; te Equation (29) can be used in the computa ion of vertical forces. exerted 
by rails that are ‘curved in a vel vertical “direction , as in the case o: of vertical 
urves the top of a ‘hill or the bottom of a valley. A horizontal and | 
ertical ‘curve st same is unfavorable combination. 
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a lateral resistance of ties in track on curved alignment and the action of © ‘a Sr 
Designing Engr., Am. Bridge Co., New York, N 
Received by the Secretary May 8, 1937. 


ECONOMICS OF. HIGHWAY- FLOORINGS | 


. 
SHRYOCK, AND | c. CALOR oo" 


‘M. Am. ©. “(by letter)". 


mai in light- -weight highway-bridge -floorings during 
“recent years and the interest of engineers such floorings as 


7 
n 


view of the 


we 
A by their increasing use, this paper is very. timely. It : should d be of material 
help in the analysis of the e economics of such flooring, = eo ae 


~The author develops. the relative economy of two floorings by the com- 
parison of sums composed of two items: (1) The construction cost of the 


flooring and of* certain special the “design; 
and (2) ‘the construction cost of the remainder of the superstructure and 


or any flooring the amount of the first item m (the cost of of the ee 


and ertain special in Table 2) is to be ‘determined by each 
e expected ‘that, for the same flooring 
and f for te same structure, different engineers will reach somewhat differ- 


t results. — This “might follow from variations in the design procedure — 


(which is ‘not yet standardized for many of the floorings) ; ; ; from variations | 


in fastenings of the flooring to its s supports (regarding which “there: are ; 


differences of opinion); from variations in minimum metal thick- 
‘esses ; or from other causes, Some engineers will” find it difficult 
accept thicknesses. of to i in., even less, as proper for a prima 


ement carrying heavy loads such as a flooring, after having thought and - 


worked for years such members i in | terms: of in. and ‘in. or ‘even, 


arise to” whether thick 


4 


J. Hon. M. Am. Soc.’ C. E., was published in 

ebruary, 1937, Proceedings. Discussion on this paper has in as 

follows: April, 1937, by Jonathan Jones, M. Am. Soc. C. E. 


Cons. Engr. (Ash- Howard-Needles & Tammen), New York, N. 
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“nesses Shout be at all, and 


oft the flooring making use such ‘thicknesses should not be comidered very 
less” than that of, say, the standard arse 
give at true economic» comparison between several floorings, the 


writer would, consider ‘it proper: to add to the flooring costs suitable amounts 


the safe life cannot be taken 1 the sain te the several floorings being com- 

pared. Similar allowances should properly be made also for differences in 

anticipated ‘maintenance costs, , including painting, removal (where 


applicable), other maintenance items. For open- “grate floorings the 
average annual maintenance painting cost may be in excess of =: et riggs 


ft, requiring the annual interest on an investment of 20 o or 25 et “pe 
sq ft, or more. ore. For light- weight floorings having only a flat- bottom steel 
"surface to be painted the cost will be only a fraction of 
values, _ whereas for concrete ‘floorings this cost disappears. Clearly the 
capitalized maintenance costs may vary substantially with the flooring 


type and may require in ‘determination of. comparative | 


reference to the costs making second item (shown in Figs. 
to there should be x no question regarding ‘the portion of this cost 


which represents superstructure. The superstructure cost quite 
definite for each ‘span length without doubt, author’ determina- 


_ tion of it is as accurate as can reasonably be made. - However, there 1 may aa 
4 be material variations for different structures the portion of this 


_ Inspection of the cost curves for simple spans shows ‘that minimum 


costs are found for spans between 200 ft and 300 ft for the various types — 


aa floor, £ for various roadway widths, Clearly, the these are the economic span 
lengths” for the grade line and foundation conditions which 
assumed by the author. Granting that, in actual structures, span 


lengths in general conform closely to the economic, it t would follow that for os 
the substructure costs and the “saving: “effected 
the use of lighter floorings which would ‘result from the use of 
curves, are too high for spans less than the foregoing and too small 
for greater spans. . This applies also to the cost curves for cantilever sp spans — 
where the several curves show minimum costs for spans between 700 ft 
Tn | arriving at his substructure quantities, the inoreas- 
gly smaller ‘piers with the lighter flooring. times the conditions 
are such that the pier shafts and, more frequently, | the base sizes which 
Pe would be adopted for standard. ‘concrete flooring a1 are minimum sizes to give 
_ stability for the dead, live, wind, water, ice, and other load « conditions for 
which provision must be made, and be. decreased | even 


light- “weight flooring were used. G 


| 
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make the cost data more generally useful struc- 


with foundation conditions v varying from in the 
would be helpful if the superstructure and substructure costs” 
could be ‘separated, . and it is hoped that the author will find it possible to 


The writer has been particularly interested in the statements made 
ith reference to economy of light- weight ‘floors on movable spans. 

had ‘occasion to make use of light- -weight floors many times on such 
structures. The earlier applications on vertical lift spans involved “merely 


the of a light- t-weight a aggregate the concrete floor-sl slabs, 

om. lonely ‘paced cross- s-beams “reduce thicknesses" 


n practicable by 
* 
is means, it was found possible with economy to ) ship ——— at 


. 


aggregate from its point: of ‘production i in ‘Kansas City, Mo., far as 
San Calif., and Canada, and in the latter | case also to a duty 


- 


@ 


wall 
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a 
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average of Two o Fixed ‘Spans in Millions of Pot 


tities ar d 
of vertical | lift” spans; | these he determined the ‘cost of 


converting an ordinary fixed span into a vertical lift span and, finall y, the 


conform - 
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Oo present design practice, are shown in fig. convenient 
= truss approach spans and on the conventional method of operation, 
co fo with the machinery at the middle of the lift span, but should apply very _ a 


generally to spans with drives”. ‘The make-up of the ancl 


J 
Tower and Span meta tal. 0. 327 ‘Ib @ 5.5 x 0.7 =1. 


beatings 0.111 Ib @ 15.0 ct x 0.75 25 


Ropes 
Balance e ains 


Operating machinery 


~The same unit prices were for all ‘other points. The factor, 0.75, 


used with the assumed unit prices conforms. to Equations (2) » (3), and (4), 


given the author which means that any reduction or “inerease in in cost 
resulting from a change in quantity of an item is calculated by assuming» 


‘that the quantity ¢ change takes a ‘unit price ¢ equal to three- e-fourths 


for ‘the « original quantity. In making a comparison of “lift. “span costs. 


‘floorings, ‘enter the curves with ‘the: average weight of the fixed “spans 7 


for the two floorings. The | difference i is weight of ‘the two fixed spans multi- 
“plied by the unit. _ taken from a the curves, will then -_Tepresent the 
total: cost | saving in the ‘movable span superstructure by use of the 


Referring to ‘Fig. 11, the average weight of two fixed spans may 


“expressed as A+B , in which - s the weight of the heavier fixed span; 


and B ‘the weig ght of the lighter of othe ‘two. ‘Similarly, the total differ- 
_ ence in cost may be expressed as (A - ‘B) Ce in which Ce is the cost per Ritizs 


tag 
‘pound, taken from the curves of Fig. _ ‘The “costs given by these ¢ curves 


Pes 


facade only the ‘superstructure, and the savings ; shown by them for light- 
weight. floorings are in addition to any savings for fixed spans” that be 


shown in the analysis presented by the author. 
Fig. indicates clearly the value Tight weight in the flooring 


ofa vertical lift span. ‘The ec economy in a span by use of 


= has effect on the operating machinery ¥ 


saving in “cost on n bascules by the use of light 


“flooring, on the contrary, may be several | times that for lift | spans, due to a= 


an increased ra ratio of counterweight to s span | weight and, frequently, 


for spans are 80 o variable that it i is show, 


curves ‘the effects of weight changes in ‘the span. 


cents, for P t a, Fig. 11, foll 4 


| — 
— 
— 
| 

— 

ii 
= 

; — 
— 
— 
— 
— 
— 
— 
— 

Ky 

& 4 
— 
_ 


an open § steel-mesh was 4 in the University Bridge, in n Seattle, 
ie the writer, attracted by the possibilities of such light-weight construc- 
tion for the decking of elevated, limited- -way, structures, visited Seattle and 
ee made observations of the characteristics of the installation. On the basis of | 
these observations and other te tests and considerations, he recommended 
e of this type of open steel- mesh flooring for a syste of elevated limited 

ree highways then being designed for the City of Chicago, Ill. The incorpora- 
$ mena of this type of light-weight flooring made it possible to reduce the size 
oe various structural units and resultec in substantially lowering the esti- 
mated unit costs. The cost element, however, although important, was 
the main factor which justified the The writer ‘was seeking 
a flooring completely in character ar and without pitch or crown for the 
purpose of improving ‘the riding characteristics of the st structure. To obtain: 
such a flooring, it was necessary to design a decking which would be : self- : 

draining. This function of the open steel- mesh decking was very 


ois and, in turn, , eliminated certain structural costs in the design of drainage : and 


A further very important economy was | found i in the capacity of this open 


ts 


gd mesh - flooring to pass a substantial percentage of normal light and air. 


In view of the fact that many of the elevated limited way structures, - 
: ‘were contemplated for construetion over existing streets, this was 


an element of very considerable significance. it eliminated in all or in part 
nece sity for street surfaces under elevated 


In the writer's paper a “trend in which 
should have ‘substantial influence upon future designs of bridges and similar 


types of structures. There appears to be a particular need to obtain 


simpler and less expensive type of construction for the thousands of grade- 


ns which will be required in the near future. — sey oa 


G. SuRvock, M. AM. Soc. C. E. (by letter) “—This timely and 
useful paper brings out many points of interest to the bridge and struc: 
engineer and emphasizes fac fact that the lighter foes, 


ater will be the difference of cost ‘per square foot over that of Led 
conventional standard designs, and that there doubtless point 


ee long-span bridges where the saving in w weight of the | floor-slab is offset by 


a sacrifice of lateral stiffness and rigidity of the structure. 


All forms solid floor construction, whether of concrete or 
a ‘combination of both, form horizontal girder capable 


and absorbing a large percentage | of the lateral stresses ; this : attribute 
for Street Traffic Harvard Univ., Cambridge, Mass. 


+ 
Vice-Pres., Director, and Chf. Baer. Belmont Works, Pa. 


The added economy of self-snow-cleansing was not came 
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thickness of material, even for lacing-bars and redundant members, and 
only permit less thickness for lining and filling vacant spaces. 
‘In 1900, the author presented’ “specifications for steel highway bridges 
which read as follows: “No metal less than 3 of an inch in ‘thickness 
shall be used, except for filling plates; and in important bridges this i q 
limit shall be ‘increased to 3 of an inch.” Even with modern bridge steel, ae a 
corrosion is still an important problem, and d leaves only a 
It would be advisable, ‘therefore, to design an -open- grate floor t to meet 
“specification requirements, as to minimum thickness of material 
minimum size of structural rivets. To add a “supplementary jack a 


system to conventional erate floor properly, 


engineering tendency i is to use as few members| of 
“tolled sections without lacing, thereby not only reducing secondary stresses 
toa minimum, but the cleaning and ‘Painting: of the structure as_ well. 
‘Whether it is of masonry or steel, solid or open, the floor-slab is a 
structural member of major importance; ree receives 1 not only the maximum 
concentrated wheel loads, but, greater percentage of impact than any 

member in the bridge, and, in addition, is subject to abrasion: 


7 


long- span bridges, each pound per square foot saved in the ded 
of the floor becomes an important factor. Savings, therefore, of as 
| much as 50% of the weight of the e standard type of floor would 
economies without | undue ‘sacrifice of stiffness and rigidity * reduce the may ae 


= of the floor to only 25% of the standard, however, ‘could 

en 


lar be secured without a sacrifice of these important ‘requirements. 
-Cator Mora,* Esq. (by letter).“—In a course of “bridge design for civil 


Je- engineering ‘students “this paper is indeed very useful « one, and 


especially adapted to the ‘practical use of the bridge designer. The 


striking characteristic. of the paper is its accurateness and completeness. 

nd possible factors that 1 may ‘cause a change ¢ of metal “weights in the trusses and 

floors per linear foot of bridge, are considered carefully and also varia- 

tions from the basic assumptions adopted. ‘There is no question but that, 


A “in order to obtain the ‘partial unit- cost curves of the paper, an enormous mass ” era; 
data ‘was necessary which only” a designer of long experience could 


ake possible. Table 2 is indee od a valuable ‘ol: for computing the tota 

‘This paper, similar to that entitled, “Weights of Metal in| Steel Trusses”, 


the same a author, constitutes a creditable contribution to. technical litera- 


| 
Received by the Secretary May 14, 
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NATIONAL ASPECTS OF FLOOD 
SCOBEY, HOWARD "CRITCHLOW, TT ‘Es 
TEUR- 0 
M. Boos zE “(hy letter)* ‘In the Symposium 8 

rence is made to the use of snow surveys, in forecast- ¥ 
vin When sufficient snow-survey data have | been accumulated for 


shed then, ‘course, excessive snow ‘depth an and water 
“content will be ‘indicative ofa heavy run-off. ‘This: information ean be 
directly applied to streams in which floods are always, or. 


t 

|For streams in which floods are ‘developed by torrential rains alone, or by I 

x epee rains on top of snow, such as occur in the Gila River water- shed, yx es 

8 


survey does “not apply or merely indicates a ¢ contributing 


1996, ‘snow surveys were extended in the West, by many agencies” 
acting through the U. S. Bureau of Agricultural Engineering as a clearing 
house, “until now they cover nearly all t A the Western States. The purpose 
“this information is to forecast run- -off by the Bureau of Agricultural 
Engineering through its Tnrigation Division, Primarily, interest of 
this agency lies in irrigation and supplemental power, although, of course, 


the: information developed is equally valuable to hydro-el electric interests, 
responsible for city water ‘supplies, and to the “operators: of the -flood- 


dependent on snow melting, such as the Colorado River of the ‘Far West. 


control reservoirs that lie in the Southwest and other parts | of the country. 


The writer believes that the snow-survey data, thus collected, will” 
its extension until major streams, at least 
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performance for the following ‘season’ to be The purpose in 


terms of a ‘snow survey to determine merely how much snow lies on 


ground, but. as a Point on a can 


. E. 
necessary to emphasize the mportance. of the “collection of fundamental 


data. to which Mr. refers as the bookkeeping of the water-resources 


_ problem. _ There is an economic aspect to this problem, namely, that its 


solution requires money and that such money be obtained, in most 
eases, from Goternment agencies. The writer had a little experience 


with trying to get money from State legislatures for this. purpose in order 
that the State m may co- “operate with the Federal Government in the collection — 


of this necessary information. — Engineers who appreciate ate the importance of 
these fund amental data, should make that fact known to the people who 
have control of the ‘ “purse strings” in the Federal Government and in 1 the — 


State Government. does not require large sums, but it does 


ae sufficient money to increase ‘the facilities fo: collecting th this information. 

subject is discussed at some length,” in a report of the National 
sources Committee on in Data.” 


er 
e 


developed in the opinion of most of the “authors, elthough th the eng rota : 


side provokes rather varied discussion. There i is manifested a  feel- 
ing that the problem must be dealt. with on broader lines than in ‘the past, a 
that technically it must. considered a major problem i 


planning development, and that, economically, new values must be 

Teflected in the determination of justification if the popular ‘demand for 
1ese demands point the need for a critical overhauling of the methods — 

handling these problems in the past and, to- day, there is every 
den e of this s development in that section of the - profession connected with = 
flood control. . Essentially, the problem may be divided between: (1) Hydro- 

ogical “studies, concerned with snowfall, ‘rainfall, run-off, and flood char- 
acteristics; . (2) planning, which includes the investigation and design of — 


flood- control structures, such as reservoirs, walls, dikes, floodways, 
in Chg., State Water Policy Comm., , Trenton, 
. Engrs., New York, N. ¥ 
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ON FLOOD common ns 


(3) flood routing, which is used ‘the 
i effect of | such works on flood stages ; and (4) economic studies, which deter. 


mine the justification | for the construction of flood- protection works and 


relative merits of the various plans ¢ considered. | 


Studies.- —The recent ‘experience with disastrous floods on 

many of the important rivers of the United States has modified the  Ameri- 
engineer's ideas as to to the probabilities of their occurrences. Many 
engineers now are 2 dubious | of the value of frequency studies developed on 


short ‘recorded experience available, particularly in view the 
changing condition = water-shed development. A natural develop- 


ment is an investigation the _ meteorological field that will indicate 


"possibilities maximum precipitation ‘conditions and a possible 
revision of intense rainfall frequencies. Another major - considera-_ 
tion is the change in water-shed development that has" i occurring over 


3 many years, the determination of its effect on run- -off, and a consideration 


of curative or alleviating measures. The necessity for more basic data 
along these lines | is apparent to every engineer dealing with these prob- 
lems, and to be hoped that the that have ‘resulted in 


Planning —Rarely to- day does one hear of proponents 


voirs, or channel improvements declaring that their then only 


one to use. On the other hand most engineers realize that any m 
plan may ‘combine all of these, a as well as other methods, such as floodways, — 
ion. and water-shed control. F Furthermore, it is becoming more apparent, ok 
as emphasized by several of the authors, that flood control cannot be 
separated from other developments in water: ‘conservation and must be 
sidered in civic planning and regional development plans, 
Mr ‘Uhl has indicated that, in the New England States, 
+ secured as an incident to power “development with a reasonable 
or egree of safety. Others may question the dependability of such . control, 
regardless of individual opinion, at least in many y economic 
requires: that the two be « considered ‘together. Another important 
factor is the need for increased stream flow for "sanitary reasons which may 
justify a greater measure of conservation than power alone. The reason- 
able” combination of these needs with those for flood control, ‘together 


with a careful economic valuation of available ‘storage a and its most me 


ig 

¥ 


is an important regional ‘problem. The solution of ‘such problems has 


2 an on n the planning of flood- control structures. 


Messrs. Morse ‘Thomas take pessimistic view 
this ‘Hine and ¢ suggest that model studies under way 
Carnegie Institute of Technology, in Pittsburgh, ‘Pa., offer the best 

solution to this | problem. seem quite hopeful that models will 
accurate in the: of the effectivences of proposed ed 
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e and will give results, he is 
opinion | that recent developments in ‘the analytical handling of 
these problems have eliminated ‘their objections partly and that t excellent 


checks resulted in accurate of past floods. 


"procedure seems parallel to that used in the model studies, in which the | 2 


n the principle tt that ‘constant ‘ratio. 


feet 
weighted flow increment, in cubic per r second; ¢ = time 
unit of computation, in days, or in fractions of a day; X = fraction a 
flow increment that is derived from the inflow increment; ie, "ete. 


be gin ning» of successive time Oy Oy ete, = 


i 

The numerator in n Equation (3) is the storage increment, in 

fet, and the | denominator i is the corresponding weighted flow increment 
in cubic feet per second. _ If the denominator is rewritten in the form: a 

01) +X [@- - 0 0:)], it is apparent that the first term 

represents the “prismatic” ‘storage below the normal surface slope, and 


the ‘second term represents the “wedge” storage increment. will be 
“Roted that this eliminates least part ‘of the objection expressed by the 
- authors to the analytical method. This method was brought to its present 3 


ae development by Thomas S. Burns, M. Am. Soc. C. E., and Frank B. Hark- — 
ness and G. T. McCarthy, Assoc. ‘Members, Soe. C. E., in the flood- 


‘The analytical flood- -routing method ‘as now applied is believed to 


results on the main stems of important rivers bat in 


application is not practicable on 


‘many streams of about the s same relative importance are coming 


i For ‘such ¢: cases, some method of developing modified hydrographs for reser 
‘ Voir systems is needed, which will account for the location and the coll 


ere. 


ion controlled areas as well as their extent. ‘Possibly, 
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KNAPPEN FLOOD CONTROL 


the lives of human beings “are en ent great 


suffering may occur the result of floods, protective works | be 

constructed.” This statement is qualified later in 1 the paper by the fol 
lowing: “It is also essential that those who must pay f for the protective — q 

system have full knowledge of the cost, of what ‘burden they m must 
and of what security the final developed plan provides. A oe 
“Attempts have been made to rationalize the second problem, 
“gine flood prevention or reduction, on a purely economic basis. If | 
_ definite information were available, the solution would be relatively simple; 
the maximum expenditure prevent recurrence of 


problem 
“tect itself, it can "determine its poliey “knowing ‘the costs and degree 
The people of that community more to the -prob- 
lem than the capitalized of average damages. ‘They 
of do as the people of Dayton did, © after the 1913 flood—envision | a blighting 


field, 
Paducah, » can “take little. ‘computations 
that s show the average > annual losses" to be small based “upon frequency 


studies. They are faced plain facts of tremendous property 


and ted _ creating situation which 


The writer like t o suggest ‘that the problem lies 
a neither in the abandonment of all economic Fules nor in the strict applica- 
tion of the criterion of capitalized value of “average annual flood losses 
the accepted sense, but ‘rather ‘that i it may be found in the determina- 
of benefits which may be concerned with the » restoration or 
mance as well as the appreciation of property values depreciated by flooding, 
an added evaluation of the benefits to Government property and of 
the benefits” due to” elimination indirect ‘damages outside the flooded 
areas s. This attitude is based on the : assumption that the ‘intangible values ‘ 
not ordinarily evaluated, such as fear f loss life, mental distress, 
tendency to abandon flooded areas, losses, are 
x 
The evaluation of “these benefits although | ‘difficult, n 
the need for flood protection established in “such as Obie 
River, Connecticut River , Susquehanna > River Valleys, where recent 
‘disastrous floods” have demonstrated the vulnerability of of ‘the valley t towns. 


the other hand, ‘may there ‘not ‘be many other places as vulnerable 
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wie felt. th the disaster of a major flood ‘to “drive home” the ‘necessity es 
and value of, flood protection? _ Despite the previous floods, the citi- 
zens of Pittsburgh were not sufficiently flood- minded before 1936, to 
demand protection and to be least part of the costs. 
- Prior to the 1937 flood, it would have been most difficult to convince the — 
_ people of Louisville or Paducah that their cities were in danger of serious 
“fooling. Certainly, there is a necessity for the. development of ‘sound 
engineering and economic methods for “determining need for protection, 
not only for places | which “floods have attacked, but also for those places 


which, although equally ‘vulnerable, have 


Assuming that the need for flood ‘protection pam be evaluated on a 
enough basis to justify protection for the more 
‘it should hes — to apply the developed data to the aoe economics 


m 


bo of the basic data by zone zones and elevations as well a as extensive ‘flood-— 
routing studies to assign values to the units under consideration. © Forther- 
"more, frequency studies are n necessary as a basis for the determination | be 


The economic problem is not a simple one in any case and 
river ‘systems | becomes highly involved; but o only by the application 


4 
“ment. | been “Colonel Covell. traced the and 

legislative procedure ‘through which the United States has. “passed to ‘reac ch Ser. 
the stage at which the Congress has authorized many worthy ai and -bene- 
- ficial projects for ‘the protection of lives” and property from the ever-n re 


Bing of excessive flood flows” caused by ‘periodic extraordinary 


was “inevitable that, sooner or later, the people would d 
‘the National Government assume ‘some “obligation _ for of 


citizens from the injuries and devastations caused by floods which 


quently arouse much bends: interest, first: one section n of the 


country and then in another. Flood- control works, 
the navigation of r rivers in stnie. manner, and it is logical that the Federal | 


Government should accept its proper function with respect to flood control. wa 
The Constitution of the United States confers upon Congress the power 
“to regulate with nations, and among several States, 


‘and 


= Corps of Engrs., U. Asst. to Chf. of 


Recesved by the Secretary Apell 22, 1937. 
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Discussions 


waters: of the country for the of navigation. At first, it. ‘was seri- 
ously doubted whether power to 1 regulate, comprehended the ‘right to 

improve; that is, whether | the improvement of rivers harbors was a 
subject of national concern and of constitutional appropriation. In “May, 
1824, Congress passed the ‘first Act to improve navigation entitled, 

Act to Improve the of the Ohio and Mississippi Rivers. About 


time the luminous * decision of Chief Justice Marshall, in the case 


we? 


Gibbons vs. Ogden, established clearly and» indubitably the ‘power 
Deceased with respect to the waterways of the country which. could carry 


, and the doubts of earlier ‘years. 


‘birth o of a of river and harbor improvement—a 
policy which has grown from year. to year with the increase of population 
needs of commercial transportation. Now, flood control 
made a national activity” by Federal law. 
‘The general flood- control bill approved June 92 22, 1936, and the 
Control bill | _ approved Tune 15, 1936, “were studied for a ‘period of 
"almost ‘two years by committees | Congress. They were based on the 
re of the Chief of Engineers containing results of of "studies extend- 
ing over a long of ‘The Mississippi River Commission is 


advance gt additional “works necessary to provide "fall 

protection continued with the prosecution of the works authorized for 

construction by Congress. ‘The voluminous ‘and comprehensive data pre- 

sented in the reports. of the Army Engineers“ provide the principal. basis 
for national planning with respect to the development of water ‘resources. 

i ‘They ‘permit the preparation of a program “for: such on 
scale limited only by advisable expenditures. This" program may go hand 


n ha nd w Ww ith the development of land resources, reforestation, and meas 


t of J these 


“flood- control program is to develop 


nomic and orderly manner so as to afford Ley lasting improve- 


ments throughout the. for 1 


the | enactment general Control ‘Act, 


Engineer organization has been working vigorously i in 


plans for beginning construction contract of the flood-c control works 
uthorized. ‘The War Department will be when funds for actual 
truction are § appropriated, to begin work without delay. In “the design of } 
8 and appurtenant works, the Chief of Engineers is ; fortunate in having 


the assistance of the experienced consulting 
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| the planning of -flood- -eontrol works by the ‘Federal Gover 


as. the need Much hele is also afforded 
arrangements with other ‘Departments and with the, laboratories 


ment: is in a a most favorable and constructive doe: 
mean that everything desired is already 


“ever, the -ground- work has been well laid. Questions of local co- 


as to financing appear difficult, , but they can be sok solved with patience, judg- 


of 
R. Asoo. M M. Aw. Soo. _E. (by lett ter) 


discussing the economics of flood control, Mr. Uhl that, on a purely 
economic basis, the the _justified expenditure for the prevention of flood 
‘would be 


damage caused by a flood of a certain magnitude and frequenc 
the ¢ capitalized present worth of the damages over the period of flood fre- 
quency causing them.” ” Tt seems desirable to o clarify the procedure implied fa. 
for the determination ‘of future damages for which ‘the present worth is to Pia 


be obtained. There may be situations in which too much reliance on the 
past damages” would» erroneously justify too large an expendi- 


ture for flood protection an d then, again, it might: lead to an entirely — ae 

inadequate expenditure. As an ‘example of the former situation consider 
“the Winooski River alley which is mentioned by Mr. Uni. 


reconstruction occurred in the Winooski River ft 
“the flood of was undertaken with the intent of avoiding, as far 


possible, repetition of f former damages. Consequently, highways were 
“relocated on higher ground, ¢ concrete and steel truss bridges with large a: 

dams were enlarged, many people rebuilt, their homes on higher 
ground. The result is that if 1 the flows of 1927 oceur | again, the damage 
in the ‘Winooski River ‘Valley will not. be as great as it was in 1927. In 
other words, some of the justified expenditure the control of flo 
was spent at ‘the time of "reconstruction. Of course, if flood- control 


measures adopted immediately after a flood there may a differ- 


Policy in ‘regard expenditures for reconstruction, but if reconstruc 

i tion has already taken place weight should be | given to the ‘situation just 


similar situation may exist in other communities: where 


there has been @ permanent decrease in the value 
in the path of flood waters. 


In ‘the foregoing example 


4am 
TO ert: “which Hes 


ments for using, as a basis for ‘computing justified expenditures, a value 
that exceeds past damages from the greatest flood. ‘taking 


Winooski ‘River as an example, « one ‘finds, that the U. S. Army Engineers 


“ Asst. Hydr. Engr., Water Resources Branch, U. 8. Geological 
C. with the approval of the Director Ss. 
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‘SAFFORD oN FLOOD CONTR ROL 


_ computed that a an expenditure of 9433 000. was justified | for protection n against 
‘the 100-yr_ ‘flood. However, this sum should be increased because a struc- 
ture which protects against the 100-yr flood also protects against ‘damage 

eansed by the smaller but more frequent: floods. Actually” this w was 
the justified ‘expenditure was: "increased to ‘$1 055000. 

ed exp of a 
a in the value of property which will: be benefited by flood con- 
analogous to the one of determining, theoretically, the justified 


expenditure for a trunk-line Roughly, the procedure is to take a 


traffic count of vehicles that use existing facilities, and then compute | the 
th 


es resulting revenue in ‘taxes that will come from the sale of gasoline u used 
- _ by the vehicles. Obviously, this does not give a true picture of the situation — 
which will result from the construction of the road because there is little 
"4 that the volume of traffic will exceed the original traffic count and, 
ss in addition, there will be an almost indeterminate saving to private indi- 
__-viduals and to industries that benefit by the construction of the road. 
aoe i The original estimate of justified expenditure must | be increased, but how | 
A comparable situation exists in planning. “If reasonable 
protection n is given to river valleys, the cities and towns affected 
: grow, industries may be attracted, property values will “doubtless imerease, 


and the wealth of the individual citizens will be fugmented. In such cases 
the figure for past 1 flood damages becomes entirely a 


basis for determining the price to pay for future protection. 


This discussion has considered purely economic justification without 


to ‘the point where a community assumes a burden which May even threaten 


‘its ‘financial ability ‘and thereby interfere with the fulfillment of its normal 
‘commitments. Experience may prove that in cases the soundest 


‘ate’ to pay ‘for future damages will be to establish an insurance fund | 
maintained at least in part by small premiums by those who cannot, 

Am. Soo. C. E. (by letter).** bey —Engineers work- 
ing o on n designs of river structures, officials and operating men i in _ hydro- electric 
‘power stations, and owners and ‘managers of industrial plants located on New 
England 1 rivers s will find the paper by Mr. Uhl ‘extremely valuable, not only 
because of the important data, but “because of its arrangement and the 
“accurate conclusions contained | therein. “ae One ‘must have had the experi 


nee of structures: in and on New England rivers 
One needs read over ‘the n “news 


ia Enegr., of Locks and Canals on Merrimack River; Cons. . Hydr. 
Received by the Secretary April 15, 1937, 
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June, 


This is. one of the many papers” contributed by engineers far enough 
removed from the hysteria produced by the floods, to them valuable 
asa a permanent. record. Even a year after the Great F lood (which name, 
for many years, will be given to that of March 20, 1936), opinions © are” 
expressed and plans made for eliminating future floods, 
have no | the hope that such 


in 1 


1936 


the of the Water Company there, during the floods of 1895 
and 1896 mentioned by Mr. ‘Uhl; and was familiar with the flood marks — = 
of 1785 and 1852. At Lowell, there are on record six or more floods 

during 150 yr which registered ne to 18. 5 it on Pawtucket Dam, 
a and about 15 ft of back- -water, bu 


quiet flooding of streets, cellars, ‘and mill ‘basements. “Machinery ‘and 
hold goods, and goods in process left on the “machines were inevitably 
wet; but the protective _lnargin of a few feet above the peak of a 

was sufficient to leave “intact all hydraulic structures of the Com- 


pany, due to. the foresight of Mr. Francis, installing the Francis gate,* 
“Fiefore the famous 185 2 flood, as a re 


LOWELL RAILROAD STATION. 


> The flood of “March 20, 1986, on the contrary, 1 which registered a a 
height of 102. 02 ft, or 20.02 ‘ft above the < crest of the Pawtucket Dam 


and f above any previous an additional 8 ft of 
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flood channel , but broke through at several “went entirely 
out of bounds, and isolated large sections of the city. It was only pre- 


4 

vented from wrecking parts the business” center of ‘the city, by a 
skeleton dam, 3.5 ft above the Francis gate, and_ a a timber and ‘sand- bag 


= 


ee). dam across the railroad right of way into the city from the “north (see 


a _ After the water subsided, it was found that the city had had a very narrov be 

from lasting injury. The great ‘mass of fill accumulated over a 


period of 100 yr more over low areas on the banks of the oF 
was gone; neighboring buildings were "wrecked; certain in on 
streets in the path of the flood were left with half the buildings either 


that for. nearly a year thereafter, weak places had to 


moved or wrecked ; the great Northern. Canal wall of the Proprietors | of 
Locks and Canals (which had ‘been overtopped for the first time 
history) suffered serious injury in several places; and most of the 
carrying electric power to to the river: ‘mills were ‘thoroughly wet 


> 


B 


OF CANAL LINING REPLACED Quanren Ores 
= SHOWING CHARACTER OF BREAK. 
All these structures belonging to the Water Power Company and the 


the river, repaired before the end ‘of the year, 


a although much of f it had 1 to be done t by continuous week- end operations. = 
Fig. 19 ‘shows the repair work the ‘part = 


industrial plants” on 
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ance authorities, and others, apparently these same ‘conditions, both during 
nd after r the Great F Flood, obtained at Concord and Manchester, N. H., and ae 
i 7 The fact that, in the 1936 flood, the stage was 6.5 ft higher, and the 
quantity: y of water 65% greate any Previous flood, existing 
margins of safety wiped out, would appear to make some improvement 
necessary these communities ar are to survive w without the 
ng _ Any study of flood control for New England © rivers pay seem 
require a knowledge of what quantity and height of water had occurred 
‘prior to this, 1936 flood; what additional burdens flood had placed 
‘the industrial cities; and what reasonable improvements could be made 
§ 
n the nature of reservoirs, channel improvements, and dikes, 
the local control down to the situation as it prevailed d during 1 150 yr (OF 80 i bet 
prior to 1936. For Lowell and ‘the Merrimac River, this "means a peak 
-run-0 off of not more than 100 000 cu ft per sec instead of 173 cu ft per sec; 
¥ depth on the Pawtucket Dam of “not ‘more than 13. 5 ft 
20 ft; and a corresponding reduction of 8 ft in the height o: f the neal 
. Assuming flood reservoirs to be actually empty and 100000 cu ft per sec | 
to be the maximum at Lowell, and the e 17 500 0 000 000 cu ft of natural flood ts 
pondage above Lowell, “Concord, and ‘Bristol, to be not 
the of two additional Lake e Winnepesaukees would be 
Me. Uhl wisely r refers” to. “partial” s solutions, and they should 
be ‘more generally considered a as such, The promise of more than this 
simply deceives the public who must pay the bill, either by assessment or 


taxation. These structures may be storage reservoirs, improved channels 
and ‘dikes, and free channel bridges instead of reinforced conerete arched — 
structures. All these controls, built and ‘maintained at great expense, may 
not be sufficient to reduce the x maximum peak at the dams across the 
River more than 2 or 3 ft, but even this may be worth while. 
In recent years, New England has" experienced storms which may 
orrential, and such storms appear to be. inevitable both “locally and 
“areas of several ‘thousand square miles. They make the ‘White Moun- 
tains and the Green ‘Mountains look more like the roof of a 
bam with run- -off, ultimately, being approximately the same as the 
rainfall. Add to condition the melting snow and ice cover, and 
he existing prior to “March 20, 1936, are Te- created. 
Asa lesson” learned from the 1936 flood, it would be that it is 
of any one in authority « on these New England rivers: (a) To 
stand, ‘fully, the conditions ‘that under the proper combination of 
stances, may make for a_ heavy run-off; (b) to have complete records; 
_ (c) to know how much and how far permanent structures will stand the 
‘strain: ; and (d) to have ready at Teast a skeleton on which to build 


barriers well above: ‘the p sermanent in 
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form of diagrams and photographs s host be available int | studied 


to. time, as freshets (even ‘mild ones), occur; ‘and lessons learned 
each freshet should have their place the records. 

addition, an important element in preparing for New England floods 

time—time transfer human beings, livestock, and necessary 
valuable possessions to higher ground. In Vermont, in 1997, besides 
approaching $40 000 000, there was a largo loss of human life 
(87 were drowned, 5 in the Winooski River Valley), 1 for the most 


to the of ‘the 1 rise > of the water and the difficulty” 


Very few lives have been lost in floods « of the Merrimac River although the 
The peak of the 11936 f flood at 
Plymouth, N was 19, from 8: M. noon, and 
at Lowell o n March 20, 5:00 PM. to 11:00 P.M.; ut the Lowell 
had been : forecasted early on the morning of March 19, Francis gate 


had been dropped, and work had begun on the protective poy above that 
eee The reports and predictions of flood heights - from the up-stream stations, 
= maintained by the public service companies and other | authorities, were 80 
frequent and reliable that not only could the highest points ‘to be reached 
be estimated, but the length of the peak. ‘There w was ample time to warn 
‘ officials of the city, the U. Ss. Works Progress Administration, Red Cross, 
State Police, and the National Guard and | as a result of the splendid 
-operation which American ‘people always” have given when they ‘know 
what and when there. is an emergency, the City of Lowell did “not have 
appalling loss of life. ‘It speaks” for the value a the operating forces" 
of the public utilities, beyond that at of ‘temporary: activities. Most of the 
information broadcast by radio, in so far as it 1 was ‘insufficient or mistaken, 
_ probably increased the anxiety and may have done more harm than good. 


4 The radio can be made a splendid | addition 1 to the telephone and telegraph, mi 


the hands of proper authorities. 


hee Some conclusions, which appear to the writer to be warranted by the 
experiences of the March, flood, its record- heights, flow, 


of "what heights had been 
, f years. ; They “should be “conditioned” to the idea of the e 100- oa 
flood. precipitation and water equivalent of the Pinkham Notch record 
for 1936 (29 in. may « occur the next. time in ‘almost any of the 
mountain valleys of New England. 


“More records should be taken every half hour, 80, for the “upper 


principal tributaries, as as the main river stations, in 
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at Lowell, an “additional 3.5 ft Francis gate 


SAPFORD ON FLOOD CONTROL 


ribs, heles 


iver, should have map showing ‘flooded areas s for ‘the n maximum 
ie should be used as a picture in n the ai acceptance of streets, in building 
pager in laying out sewers and in granting building permits. The occur- 


rence of ice jams, accumulating pressure, and ‘other 


dona built porte will to the “flood of an any district. 
(5) The valley storage which obtained during: the 1936 flood from Law 
rence » Mass., 1 to Franklin, (estimated at 500 000 000 cu ft) was. 
about 50° % greater — than the combined ‘storage in Lake Winnepesaukee and > 
other reservoirs that were already full and discharging before the danger 
of higher p peak “was over. ‘There is ‘no advantage i in depending upon 
unless they are nearly ‘empty which 


a 


the 1936 flood carried “65% more ‘water 

"these records good ‘for a century or more. 

(7) Federal and State operating activities as the We: 
‘Geological Survey, U. S. _ Engineer Corps, State police, ete.) should have | on 


file geist of the 1936 flood and, at times of future floods, they should oe i. 


ween 
This discussion does not do justice to Mr. Uhl’s a er 
1S tice 
¢ 


onal. | ‘Having lived through the strain of the week and more of the ne 3 

that occurred March to 20; for the 

ull extent of the damage t 


‘Tepair work ‘could n, i 


peting w vith them 
Pemig 


wasset at Plymouth, could ‘not “have pas ed 65 ft se 


on 19, or the Merrimac River, at Lowell, 173 pe 


"Velocities as great as 20 ft per sec were 


should include the len because of many 
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occurred only 100 yr, , the of $400 000 interest 


would pay the equivalent: at the end of 100 yr; if once in 200 yr, the 
oe sum of $8 000. | as There would appear to be a field for flood damage insur- a 2 


ance, it written by companies operating on 
Protect at least part of the investment in industrial stores, 


concentration of flood waters is Pittsburgh, Pa.; ; yet, with ‘Tespect 


flood damage, Messrs. Morse and Thomas describe Pittsburgh | as 
description that will be concurred by all engineers who have 
e and effect of major floods | in a the basins < of the Allegheny and — 
wever r, there s seems to be n no valid “reason” why 
ys 


luck w hold. Nature’s roulette wheel will 
a double ‘zero. 


a “superior 
re 


"Whether not - super- -storm r in ery Monongahela 
Allegheny River Basins ‘simultaneously a question which, perhaps, 


a 


‘meteorologists — will some day be able to answer. B It is true that no such ~ = 


utstanding storm has thus far ‘been recorded—the ‘Miami (Ohio) storm 
of March 24 a nd 25, 1913, and the ‘storm of January, 1987 , having had a 
_ their centers to the 1 west, and ‘the ‘Storm of ‘March 17 and 18, 1936, to ll 


any of these been centered over the Uppe “Ohio River” 


nk pe Basin ‘greater floods would have resulted than the record- breaking flood of 
March, 1936. However, even if j is assumed that precipitation over the 


tae which has been recorded in the past i is an index of future possibilities, | ¥ 


-Pitteburgh has thus fe apparently been fortunate, and especially so in 
March, 1936. ‘During February, there ‘three thaws in the 


Monongahela River Basin and one” in the Allegheny River Basin which 


materially reduced the water content of the then on the “ground. 
Conservative ‘estimates indicate that the reduction n water “content may 


in. depth” over ‘the Alle 


34 in. the Monongahela 
‘The minor flood por “thes thaws broke up : and 
the unusually thick channel ice. extent a at Teast flood 
run-off must have been reduced by. increased infiltration as a result of the 
reduction of frost in “the > ground. All conditions were favorable to 


| 


Engr., 


Received by the April 21, 1987. 
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ARTHUR ON FLOOD CONTROL 


Thomas r refer to the turning of rin. to snow 
above Oil City, ‘Pa, during storm of March 17 and 18, 1936. An 
analysis of the snowfall, rainfall, and run-off during the flood period 
discloses how ‘important this freak of temperature was in lowering t the flood | 
Apparently, of the rain turned to snow not only in the 
Allegheny I River Basin above Oil City, but also in the Monongahela River — 
Basin above Morgantown, ‘Va. The “effect this occurrence > was 
materially to reduce the ‘resultant run-off from that ‘storm. That this con- 
’ ‘dition existed is evidenced by the fact that in the upper basins of both the a 
. Monongahela and Allegheny Rivers the run-off during the period, March 20 ‘- 
after the flood crest had passed Pittsburgh, was in excess” of the 
precipitation, indicating postponement of run-off because of snow 
of March 17 and 18, equivalent to possibly 2 in. in depth of water over 
the basins. peak run-off during ‘the period, March 20 to to 31, in 
areas, was “greater than the run- off during March 17 2 and 18, when 
Pittsburgh was experiencing its ‘maximum stage—a stage very” 
ably lower than that which would have occurred if the rain had not turned oe 
; Messrs. Morse and Thomas seem to have departed from an excellent ae 
t facts into the realm of conjecture when they referred to 
“the man- -made “floods.” is true, that Pittsburgh, Man is occupying 
valley “and encroaching on the channel that Nature has designed to 
carry the aug onl, to this extent, the flood damage i is man-made. Getting | 
into the way o f a flood and being damaged by it however, are far differ- 
ent from making a flood. No evidence is presented to indicate that ‘the be 


of March, 1936, increased as bd result of changes mode in forests 


‘advice. if they lead the ‘public. to believe that for a 


excessive run- -off of a flood, as s that of March, 1936, in the | 


J. D. D. Arn Conrs or 
“_The present status of ‘Federal "food. control "projects has” been 
‘Colonel Covell. It is to be ‘noted that: the system 
reservoirs for flood control on the Ohio ‘River, either ‘guthoriasd or under — 
construction, is distributed over a wide area, on many tributaries. Little 
has been published as to the methods ‘operating this system to 
me The operation of the ‘joni reservoirs now (1987 ) under constru ction in 
ae the Muskingum ‘Valley will be placed i in the hands of the Muskingum eg’ 
— shed Conservancy District, a political sub- division of the State of Ohio. It i 
Dist. Engr., U. S. Engr. Office, Zanesville, 4 
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-MEURSINGE ON FLOOD CONTROL 


human to assume that it will be operated + to the pro- 
As tection to the residents of the Muskingum V alley. E However, will such opera- — : 
tion: maximum ‘protection t to the residents along the 


Rive: below Marietta? Engineers know that the Miami Conservancy Dis- 


_ trict System provides full protection to the residents of that Valley, but 


. they likewise know that, with its uncontrolled 0 utlets, benefits to localities 
f magine “conditions under which “it might prove to to ‘be decidedly harmful. 
When the system ‘is extended 1 to other tributaries, each with a 
= flood problem in its valley, does it not follow that, unless there is a ‘single 
office” full’ authority to control operations on all tributaries, the | system 
will not be for the greatest good of the greatest number? The 
construction the system” ‘must be the primary objective, but studies: 
should be initiated at once of the best methods | of operation. | | 
The problem is a difficult one, and it. ‘is not simplified by the 
ments of local participation in costs. It the residents of the Muskingum 
: Valley, or of Pittsburgh, for example, are taxed for a portion of the costs ~ 
might they not well ask why they should be interested in wha at happens at 


Cincinnati? “Perhaps: this of the subject receive 


Assoc M. Am. Soc. EL _letter) 


Ching there probably no country in the world which has suffered 


much from floods" as the low lands along: the North: Sea, which are better 


= 


‘Mite’ first levees in Holland were built | by the Romans to protect their 
highways. As the construction of levees has been continu ed ever 


since, | a | protective system has | been developed, which probably _ has no equal 
‘the world. is small wonder that some Dutch engineers do ‘not con- 


sider the levee system of Mississippi very effective; ; but 


interesting comparison _between f flood problems in Holland and in the 
United ‘District Engineer for ‘the  Nether- 


rnmen states that engineers in the | United States have | 
and financially ‘Possible for such a young country. 


In connection with this Symposium, the question may be raised as to 
whether “American engineers could benefit Holl: and’s long ex experience 4 


with floods. The answer is “yes, alwa 8 "bearin in mind the fact 

G, that the Dutch engineers are mainly concerned with delta problems, so that 


sand reservoirs are of minor to them. The of the 


Received by the Secretary, May 6,1937. 
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the Mississippi River water-shed. However, is not the size that counts, 
but the effectiveness of. ‘the protection system. ‘Since about human 
_Tives have ‘searcely | ever been lost: in Holland on account of floods. 
For each 1 river, the Dutch | engineer defines two « channel sections: : The so- 
called winter section and the summer section. ei Both are protected by levees. 
‘The small dikes along the summer section simply protect the valuable graz- 
‘ing grounds in the winter ‘section against the summer flash floods. ‘The 
winter section is from 1 500 to 3000 ft wide, and the summer section from 
450 to 675 ft wide. Ww ithin these sections no encroachments are allowed 
except | brick kilns, which may excavate enough clay to equal the ‘volume o 


pepe severe flood the winter section and -spill- 
ways” are ton meet this emergency. To understand function 


 high- -water of the rivers. a would 


_ threatened ed with submersion — except for for the fact that it has been divided 


into many different diking ‘districts or ‘ ‘polders,”” each of which are ‘pro- 
tected by minor “levees. Such a “polder” is an administrative unit, 
_ tered by t the property owners themselves. They are under the s super- 4 


the provincial authorities however, who create and consolidate 
desirable. district maintains all its, levees, makes 
minor ‘repairs, and ‘operates the 1 pump- -houses which take care of the drain- 
In case of | a dangerous flood, each “older” sends its her to the dikes. 


nment who t take charge of the entire ‘Tiver” as long a as othe emergency _ 


‘he advantage of many diking districts is ‘obvious. When 
its water over the dike, i it one 


vith 


is high large ‘enough re, take 
the opalation and tive: stock of the ‘polder” in case the district happens 
#9 to be flooded. _ Frequently, _ the church and some public buildings are located — 
on the “terp”; and it hurts no one’s feelings when the church is converted 
into a cow barn during times of emergency. 
~The methods of making emergency ‘Tepairs have changed very” 
the pa st hundred years. The first sign of danger i is an increased s seep 
fic n the dike. This water likely to wash away so m much of the 
Material ‘that all the fingers of all” the Dutch boys would be unable to stop 
Mats: made of willow branches, staked. down on the inside talus of the 


dike, are more -efféctive. 


— SINGE ON FLOOD CONTROL 

— 
— 
as — 

be 

= 
age 
— 

te 
have 

A 
f 
Mae 
= — 

— 
— 
— 
— 


the same eee a free | flow of | Seepage water. This method ‘does 


not « cause any increased water pressures inside the dike, might 1 pro- 
Although breaches ‘seldom can be stopped until the 
Occasionally the -wagon” may problem. | One or several 
he 
a more solid be swept away immediately by the i 
waters, the hay permits water to flow through, _and the wagons may form — 
a foundation on which sand bags can be piled for temporary repair. 
~ Most of the breaches s in Holland have « occurred in the dikes along ae | 
Same 
the most troublesome river in The Netherlands. In its. low 
the run- -off may be as low : as 7000 eu ft per "Bee, , and i 
1923, the construction of a of dams was be 


improve navigation conditions in summer, _ While this construction was at 


peak a run-off occurred which was 15% “greater than the previous recorded 


It flooded all the works and broke levees everywhere. 


The cause of this unusual occurrence has been explained in a report 


by the late Dr. C C. W. Lelij,“ submitted when he District Engineer 


nt influence > 
this: run- “off, 
in the | previous ‘fifty y years. 
‘This remarkable flood was caused by the following ¢ 


err 24 to December 20, 1925, much snow y had fallen in the Stem 
of the Meuse water- shed. Immediately thereafter a heavy thaw had set 
in, and simultaneously a heavy rain soaked entire shed. Remarkably 
= enough, the peak of the ‘storm moved with» the peak « of the flood from ; 
the south | to the north 


other words the determining factor in this flood was the weather; 
as no has yet learned how to control the weather, “the Dutch 


engineers (who have accumulated an “enormous “mass of ‘Tun- off data) 
as much “in the dark” concerning the ‘possible ‘maximum run-off as their 


American colleagues. 7 The authors of the Symposium suggest the gathering ¢ of 

_ more data, but the | writer believes s that ‘the value of data should ‘not be over- 
Sal emphasized, because some of ‘the floods of the future may be much worse 


This "not the only important consideration ‘stressed in. Dr. Lelij’ 


calls attention to t he fact that: bottom | of the winter 


“tection of ‘the Meuse | River s rising at of 2 (0. 08 per 


‘In the past, 750 3 this bottom has risen 5 ft 


At s some other | places conditions | were ‘worse. At the e ond the Nine- 
teenth Century railroad bridges had been built. “To ‘compensate for 


the piers the area of the winter section had increased by exeavat- 


“Rapport betreffende de Verbetering van de Maas voor groote Afvoeren”, door Dr. 
Cc rij, 1026. Ingenieur van den Rijkswaterstaat, s’ Lands 
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also the floods, subsequently, will gr oubt- 


to ‘river, which are flooded regularly, will 


organization could be mobilized on short notice. Places 


refuge, where the flood victims could find | temporary shelter, may 


in to this plan, and although ‘from a technical and economic standpoint the 


results may seem great, most important part of job b would 


he 


K. Barrows,” M. Am. Soc. (by letter) clear ‘picture of 


a 
i ood conditions in New England, a very f full discussion of the interesting 


features of the flood of March, 1936, and much information mgs ar 


great floods are contained in the and excellent 


4 a 

Drainage discharge, 

| in cubic 

feet per. tod 


Square 


illis River, near Jackson, N. H.. 
Jail Branch, East Barre, Vt. 
Baker near W rentworth 


‘a 


iff 


rine 
ern Hampshire, “Massachusetts, was due to excessive rainfall, 
“reaching a maximum of probably 120 in. the Green Mountains and 


resulting | in especially high run-off from the emailer streams. Some note 


Prof., Hydr. Eng., Mass. Inst. Tech. ; and Boston, Mas 


n is condition, undoubtedly, had — 
had been entirely filled in again. 
American engineers probably never will 
| nay 
7S seems an impossibility, 10 
— 
— 
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Discussions 


worthy dt data are in Table 10(a). flood hydrograph” in cases” 
approximately triangular _beginning “about | 2% of the 
flow, rising at the twelfth hour, , and 


Bet 


= pe will be from of W | is 
in excess of the ‘enveloping curve presented by Mr. Uhl, indicating the 
“unusual ‘magnitude of this peak flow for an area, This is probably 
due, in part at least, to the shape of “drainage area of this stream, 
which has three approximately parallel ‘tributaries tending concentrate 


Ths flood of March, , 1936, due in ‘part to heavy ‘precipitation 

part to melting “snow, and it covered a much larger area than: 
of 1927, resulting in what may be called a “main river” flood of unusual } 

magnitude, but with tributary streams at lesser pe peak flows than in = 
Table 10(b) shows few of the peak flows and total ‘flood run- offs. 

‘The Lower Connecticut: River flows exceeded those of 1927 by about: 
at Montague City, “Mass., and 42%, at Thompsonville, Conn. On the 

_ Merrimac RB River, at Lowell, Mass., ‘the peak flow of March, 1936, exceeded — 


67% that of the pr previous highest (in n April, 1852). 


we 


ab 


30 
32 25 
2&5 10 


np, Mass., 1801- -1935. 


J CUR 


& 


writer has made a a etndy of flood the Lower Connecti- 
iver, a graph of which is shown in Fig. Records of yearly flood 


flows are available for the period, 1880 to 1936 , at three “Massachusetts sta- 


tions, Holyoke, ‘Sunderland, or Montague City. record of flood stages 
Hartford, Conn., “extends back to about 1801 and by a Plot of flood 


flow, i in cubic feet } per er second per square ‘mile, « at one of the foregoing three 


stations to flood stage at Hartford, it was possible to relate the latter 
flood flow at these stations (about 8 000 sq miles of drainage area). 
ioe In this manner all peak flood flows of importance were determined approxi- 
mately: for the period 1801- 1936, or 136 yr, upon which the plot of Fig. 
20 was based. interpretative are shown on Fig. 20. 
Curve gives weight to five or six upper points whereas | Bis 
a more conservative interpretation, giving little weight | to the 1927 point 


and to the other relatively high points. 


Rept. of the Cons. to the Advisory of Engrs. on Flood Control, 
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This ‘the flood of 1936 (not plotted as to have be 


gente 
“the actual greatest based “upon observations 150, yr record, 


| 


| 


7 are plotted peak flood flows in the Lower Connecticut River, 


these « curves ree ‘points for their in the 

flood of 1936; (2) damages in the flood | of 1927; (3). stage or 
point of discharge at which flood damages are negligible. This point 
has been fixed by personal experience and judgment. 


Combining the results: of the upper extension curve in Fig. 20 and the 
Sunderland curve in Fig. 21, ‘Table 11 prepared. The various: “steps 

in the computations are obvious and require no further explanation. JA # 
will be noted, the lesser half « of “the flood stages contributes mostly 


th vi rly cau 


| 


relatively high, their greater frequency of ‘occurrence ‘effects a relatively 


larger yearly increment of damage. flood of the order of that t of 


_ March, 1936, with about 29 cu ft per sec per sq mile, has a high damage e 
($35 000 000), but its frequency is so rare that th early increment 


the average yearly flood damages" on nthe: Connecticut River, 


are $400 000. 


 - in 500 yr. The 1927 flood shows a frequency of about once in 90 yr. a a : 
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HE ENDRICKS ON FLOOD. 


Flood protection on the | Connecticut River including system of 


such as Hartford, ‘Springfield, ‘ete, x “will ‘probably about $50 


This would 1 mean a charge of $2 500000 to $3 000000 for 


cubic feet i Increment  inerement yearl 

per square in dollars | in years amage, 4 


2 200 000 
4 700 000 
| 


25 000 00 000 | 4 
200 000 
29 200 00 000 

3 00 000 
33 000 00 

4 000 000 
37 000 000 
40 000 000 | 


pena The is o obvious, therefore, as Mr. ‘Uhl states, that a .complete plan 
‘of flood relief on the Connecticut River is n not economically. justifiable 
based upon f flood benefits alone. | Other benefits from the use of. reservoirs — 

besides thos, of flood relief, principally from the use of water for power 


purposes, also from the point view recreational and sanitation 


= 


: 


benefits, must bear a substantial portion of the cost of a reservoir 


a varied topography. "Te surface ‘drain the Mississippi, 
Chesapeake Bay, Delaware New York Bay, into the Atlantic 


Tt ‘contains the lowest divide into the ‘great central basin 
Canada and the Gulf of Mexico. writer has been. familiar with the 
Oswego and Mohawk ‘drainage areas for ‘many years, both from 


and from the records that have been since. 1898, the 
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when the U. WwW aterways su survey was New York 
from the Hudson to Lake Ontario. T was 


been 


r the principal tributaries « of the Oswego River, namely, the Seneca, Clyde, si 4 
and Oneida Rivers, is vested in the State Department of Public Works: 
7 these streams” are canalized and are part of the New York State 
As a result of the intense rainfall « of July, 1935, and of the much 
greater volume run- -off that occurred March, 1936, this 
area was | subjected to the two ‘major + floods ; generally described by Messrs. as 
. to the great floods of 1935 and 1936, except i in isolated cases, has been — aed 
incidental to other purposes. - The isolated instances with which the writer 
_ is familiar are the Hornell and Canisteo flood abatement projects pone ‘ a 
Canisteo River, which completed before 1927 and which, in the case 
of the 1935 flood, proved inadequate. The Sacandaga Reservoir 
much water-storage project for power interests as a flood- control 
and a large of its cost is being paid for by _ power 
‘ the writer’s opinion the deepening of the Hudson River down stream from 
Albany, making that city ‘seaport, had as much effect in reducing the 
flood level at Albany as the Sacandaga Reservoir. 
tee es flood was the greatest of which there is a record on the — 
- Mohawk River in respect to the rate of flow. _ However, it did a relatively 
small amount of damage compared other floods, 
1903, March, 1904, March, 1910 , March, 1913, and Monk 


alee floods of 1904, , 1910, and 1914 were accompanied by ice paged The 


of weather | early in March followed by high 
_ followed in turn by a rain in ‘the latter part of the month on Saturated 
or frozen soil. physical conditions, however, , were “greatly” changed in 
a 1936; that is, the canalization of the Mohawk 1 River had - been completed, ye 
and a ‘of additional storage reservoirs we were in operation on the 
tributaries, the level of which ‘essrvoits had been drawn down early in 
March. The result was that although a greater quantity, of water was 
etained in on the head- -waters, a smaller quantity was retained 
the flood- -plains of the river, ‘resulting in an increased discharge at the 
with much lower elevations up stream; for example, the estimated 
discharges, in _ cubic feet per second, were: 1913, 000, and 1936, 130 000. 
reservoirs. on the “Mohawk nor the canalization were for 

the purpose of flood control. "However, nearly all flood damage has been ~ 


between Schenectady ys and distance of 80 miles, where 
n the 5S 


q 
— 
i COnvinued Will a greater Or les ontinulty Until the present time, 
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Teod-plain were flooded every few years, 


ON FLOOD CONTROL Discussions 
atk Although the primary purpose e of the control of the Seneca and Oneida 
Rivers. was, ‘to render them navigable with a a minimum depth 12 ft, 
an indirect benefit has been to reduce flood elevations and to reclaim . large 

tracts of land , particularly in the Montezuma r marshes" through v the 

Seneca River flows. The property owners along these streams, “however, 

esi have had a 1 different opinion ; and as a result have filed claims against the 
ae, State alleging that as a result of the canalization of the aforementioned — 

‘streams and their control by the State, flood conditions have been agera-— a 
vated with increased damage them. Test ¢ cases have been tried 
the New York State Court of Claims for the years 1935 and nd 1936, and 

in 1 the e preparation of the State’s defense a great ‘mass of data a concerning 

previous floods been collected, together with an intensive . study 
=i) climatic conditions, rate of inflow, progress of the flood, yield. of the tribu- 

drainage : area of the Oswego River is shown Fig. 11. 

sists of 5120 sq miles at Oswego daily discharge record is kept by the 

Geological Survey at at ‘that: place. ne State maintains a discharge 


station at Fulton, 11 miles ‘stream (area 5017 sq miles). At Three 
23 miles ‘up stream from Oswego, the Oneida (area, "1493. sq 


and Seneca (area, 3 445 sq miles) Rivers unite ‘ to form the Oswego. — sed 


baad 


State maintains a a gaging the Dam, up 


dam maintains ‘the water ‘surface in Oneida ‘wales farther 
7 up stream, and is provided with a flood-gate which, with a guard- -gate above , 
Lock 28, permits the lowering of the water surface in the lake during» the 
winter months and the of the outflow from lake, 
as its first dam at Baldwinsville, 12 miles up "stream ; 
ee This dam is supplied with a 30-4 ft flood- -gate. ‘Nine 
miles up stream from Baldwinsville, the State has a gaging station con- 
sisting of two recording gages situated at each end of a 4300-ft rock- 
as State Ditch. The discharge from the drainage area of 
3 073 miles is computed by the slope- area method. Thirty miles 
is the junetion with the Cayuga- Seneca Canal. The main canal 
S wes y uy p the > Clyde, River, and 6 up stream the 
State ‘Maintains ‘gaging station at Clyde, which has a drainage area of 
880 sq miles. Thirty miles farther up » the Clyde, at Lock 30 at Macedon 
“ and the westerly limit of the water-shed, the water brought: into the drain- >. 
age area fr from Lake Erie and Genesee River i is ; measured —— a 
 sluice-gates. ‘This: “quantity averages about 185 cu tty per sec during the 
avigation season, April to November, inclusive. It between 100 


ft per sec and 170 cu ft per sec, depending « on the number lockages 
to the main channel of the Seneca ‘The 
Seneca Canal proceeds up the Seneca River a of 
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gates. The above this station is 1572 sq 


which 


‘HENDRICKS | ON FLOOD CONTROL 
‘The | canal _ turns westerly from Cayuga Lake, following the course 


Seneca River to “Waterloo, a distance. of 8 ‘miles , where the control. 
regulating the surface of Seneca Lake» "are maintained and where 


record of the outflow from the lake is kept. The drainage area above 
In addition to these gaging stations maintained by the State the 
Geological ‘Survey, ‘under the ‘supervision of Mr. Harrington, as District 
Engineer, on the Oswego ‘River -water- -shed, all of 


TABLE 12.— AGING Marrs AINED BY tae Unrrep 


-Taberg, N. Y.. The East Branch of Fish Creek Oneida River 
Auburn, N. Y.. The outlet of Owasco L Lake 


Seneca River 
Ithaca, N. "Fall Creek Cayuga Lake 


, 1985. writer is “convinced, from personal observ 
iit: and Court testimony, that the storm of J uly 7 and 8, 1935, was more i 


extensive is _thown by Fig. 12”, which i is based on reports from 


rainfall stations 0 of the U. S. Weather ‘Bureau. In n the writer’s opinion, 
the precipitation was concentrated at or near the higher ‘elevations where 
Festi are no Weather Bureau stations, and passed over the low divides or sa 
valleys with a heavy precipitation | to cor concentrate e with double the precipita- 
tion on the hills beyond; that is, extending from the New York- -Vermont ie aa 
Tine | east of Mt. McGregor, the area of high precipitation extended west- 


i ward along the ‘southern escarpment of the Adirondacks to Stewart’s Land- 


20 miles northwest of Gloversville. . South o of the Mohawk the storm 


oncentrated on the peaks of the “Oherry Valley Hills, on the ‘Mohawk- 
Susquehanna divide, and Oak Hill, which is the divide the 
the Schoharie Rivers. Thus, streams entering the Mohawk 


the and west of the Schoharie, show — flows of more than 400 cu ft 


he sout chohari 
= sec ‘per sq mile which resulted from 


stations in ‘addition the US. ‘stations, most 


are “maintained by the New York State Department of Public ‘Works 


by the Oswego River er Watershed Corporation. In addition to pre- 
ipitation records, snow survey ‘ 
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in ‘the have kept—that is, for 87 yr. Fortn- 


unusual run- -off on the water- -sheds of the Oneida 
‘and the Clyde. Rivers. The precipitation on the Oneida water- -shed wa 


than one- -half ‘that on the Upper ‘Seneca and the precipitation on 


<A 
the Clyde water- -shed was no more than that from an ordinary summer 


fact, at least one-third the area. draining into Cayuga and 


Seneca Lakes did ‘not experience a really destructive rain. 


The ‘remainder of the Cayuga Seneca “Lake areas h had a rainfall 


- that resulted in an inflow at the rate of 80 000 cu ft per sec for 8 hr 


on Seneca Lake, from a drainage area ¢ of 749 sq miles. Cayuga Lake had 
a rate wil 100 000 « cu a ft ‘per sec for 8 hr from a a area 


in Seneca Lake, “449. 34, The ques discharge at Baldwinsville w was. 
cu ft ‘per sec. The ‘greatest damage on navigable waters resulted to 
truck gardeners cultivating thousands of acres of ‘muck land in the former 
Montezuma marshes which had been rendered tillable by the canalization — 
4 the Seneca River between Cayuga Lake and Jack’s Reef. 


Greater damage occurred on the streams flowing into the lakes and 


been described elsewhere by Mr. J ohnson.” Over these streams the 
New York State of Public Works exercises no 


Se 


wow 


ine 


than 4 000 cu ft per sec. In “August, 1923, the lake reached an 
of 386.1; and | although that was a summer of heavy precipitation, the high 5g 
water was as much the result | of the 1 method of operation as of ' the > climatic L 


conditions. Any elevation in excess of 385.0 results in damage to property 
‘surrounding Jake to property in ‘Ithaca at the 

"The term, “method of operation,” is used advisedly. 1922, the 


3 ae control of the navigable waters of the § State were under a bureau separate 
rom the State Engineer Department. Since 1927 both the Division of 
ae _ Canals and Division of Engineering have b been n included in the Department 
of Public Works s under F rederick Stuart Greene, M. Am. Soc. C. EB, 
Superintendent. Not only has there been an increase of accurate records 
kept by Mr. Crocker; but the long- continued _sequence of the records has 


resulted in a sound engineering basis on which a pr oper xr method of —— 


Flood of M arch, 1986; River Water- —The ‘climatic 


865, ‘as shown. 


— 
— 3 
1 
from Seneca Lake was 4400 cu ft per sec and that from Cayuga Lake was 
’ 
the date of completion of the Barge Canal. There is ‘no record ot. 
ee Bae greater summer run-off. The summer elevation in Cayuga Lake had been ar 
. 
— 
— 
— 
i 
¥ 
mC 
— 
a (many respects to those that occurred in March, 1 ry 


& recorded in Oneida Lake prior to the construction _ of the Barge Canal w was 


of J. Gs Dison of the Middle ‘Division, New 


The” this colin in . March, 1857, the discharge 


: oe There was another great flood on April 10 and 11, 1873, in which here 
Lake reached the same elevation as was reached in 1865, but no discharge 


measurements were reported. peak discharge Oswego for the 1865 


flood has been estimated as 42 000 cu ft sec. The peak discharge at 


Phoenix has" been stated (Empire Street Railway Company vs the ‘State of 
York) as is 30 000 to 35 000 cu ft per | sec, ‘The Town of Phoenix is below 
the junction of the Oneida and Seneca Rivers and has a drainage pny’ sh 
4940 sq miles, about 500 sq miles seta r than at the gaging stations on 
The discharge at Phoenix ‘is about equal that at 
Guess. ~ However, in the 1865 flood, 170 ft of a , dam situated on ‘the river 


4 ‘miles } up stream from Oswego, ‘was washed out which could well account 3 oe 


for the difference of 7000 cu ft “per sec. The » highest flood « elevation ee, 


376.0, an e estimated peak outflow of 12 500 eu ft per sec. This peak 
. probably occurred in the flood of 1865 and checks very well with the peak at 
Phoenix the discharge from River, at Jac Reef The 
effect. of the control, incidental as, is disclosed in ‘Table 13. 


: £40 ys Cayuga Lake | Seneca River | Oneida Lake | Oneida River Oswego River 
elevation, | discharge, | elevation, | discharge, | discharge, 

Le in feet above |in cubic feet per| in feet above jin cubic feet perjin cubic feet per _ 

sea level | second __ sea level second | second 


22500 | 375.0 | 11700 | 37 000 


The lew: navigable stage of Cayuga Lake is 381. 5 and 

is 369, During the winter of 1936 the level of Cayuga Lake was: drawn 
down ida Lake to 368.5, 5, in preparation for the 


expected ‘high water that did « oceur. did result from high water 


the State, but is anticipated: ‘that ‘they wil be dismissed. 
Messrs. Harrington and J ohnson call attention to the 
basic data depending on long- -continued r records. _ This discussion is pri- 
marily for the purpose of illustrating the value of numerous long- continued 
4 records and their intelligent use by a skillful engineer. The reduction of 


— 


a flood elevation by 1 ft or 2.5 ft may appear negligible in sections where 


Annual 1 Rept. . State Engr. and Surv., January 23,1866. 
: 


the Oneida Kiver improvement. Mr. Goodsell reported that — 

I : measured flow at Jack’s Reef was 19435 cu ft per sec on March 22, 1865, 
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flood rises greatly exceed those in } New York State; ‘but this lowering 

-teduced by hundreds of thousands of dollars the damage ‘suffered. The 


streams: discussed traverse reg ‘regions of long settled and thickly populated 
muniti the foot Tise usually causes the maximum 
To construction without ‘the help of basic data is 
insure not only waste, but greater injury than the benefits realised. 


reference by Messrs. Harrington ‘and Johnson to 


of 


of 
is a greater forest cover now 


there 1910 the personal: observation). The 
1935 Graphic ‘Compendium of the New York ‘State Planning Board indi- 


cates that lumbering reached its peak in 1 New ork State ein 1869, and 


that there has been a great tn improved areas since 1875. 


Man- ‘made changes, apparently, “relatively little no ‘effect 
these two instances compared to climatic over which Man has 


no control and no definite k 
Am. Soo. C. E KE. (by —Combined ‘flood 


developments are engineering subjects. that will. 


keenly interest the profession for some time to come. The papers of this 
Symposium are very contributions on the subject. Many schemes 


are under consideration | for building groups of “reservoirs for the 
purpose flood control and electric development, but practically 


information has been presented by their proponents as to ‘the procedures 


24 


necessarily must be followed those “operating such dual 
that the flood- ‘control protection will “receive proper safeguarding and, 
BY at the : same time, those relying on the | generated. electricity will be satisfied 


the few cases where procedures have been briefly” ‘mentioned the 

proponents have s stated, what to them seems obvious, that the res eservoirs 
be drawn down before the arrive and after they 

filled b by the freshets “the: impounded waters will later used to 
generate e electricity. This is quite a simple s solution the Tain 1 storms 
and the weather could. be foretold accurately, or “could b be regulated, 


Ponte? 


seemingly quite fantastic: when ‘the actual facts are recognized. Those 
wanting protection against flood damages need the y except 


Re when in t use for holding back flood wa waters, and when so filled they should 
drawn down as as the outflow would not cause damage they 


tricity ‘those: eelling to funds for retiring the cost 
“Engr., Aetna Casualty ‘Surety Co., ‘Hartford, Conn. 
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BUSH ON FLOOD CONTROL 
in part of the will desire plenty of the reservoir 


i ti imes. It would seem that these conflicting interests — be | 


of high freshets. During the past 300 yr, the highest freshet came in . tl the 

March, 1936, the next highest freshet ‘came the first week 


of May, 1854, and the next highest came in the first week of ‘November, 
1927, at time when very low water has often” ‘occurred. in past ‘years. 
“Fairly high freshets have occurred one time or another every 
It is highly improba that any official or board officials: in 
the operation o: of a system of reservoirs constructed for a dual: 
pose could at any “critical time determine in advance whether not to 
empty the system, or to keep it filled or partly filled » if it happened to be 4 
that condition. At such a time the: power users and sellers benny readily > 


‘ urge ‘their claims for such, b but — relying on ‘the reservoirs for the ‘Pro- 
tection against flood damages w would probably not be organized 
therefore, | not able to present forcefully their advantage from having empty 

what | ‘might be termed, “border line” situations a arose; 

and any freshet, it reached its” crest, might only be one of moderate 

After: several of such false alarms it is expecting too much of human 

to believe that at_ those in control would operate a system so 

“flood prevention side wot would always receive the full ] protection. “needed. 

‘seems be a fundamental consideration that should not be lost sight of. 

Ih most of the cases when a critical situation is forming there will not be 

to fo convene a board of consulting experts to determine whether or 


not the - reservoir gates should b be opened or closed, and e even if ‘convened 
would probably | not know the “correct 
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ing in 


he discharge from large ‘reservoirs, in the opinion of the “writer; is the | 


result of disturbance | of silt which was virtually in place; that is, it 
no longer in suspension, | but had settled to the reservoir bottom soon after 
- entering the slack- water and formed a “ flocculent” or ‘ honeycomb” "structure | 
of a consistency, ranging from thick | cream to heavy molasses. 7 It flows 
readily on the of the reservoir bottom, by virtue: of a greater: specific 


Water is discharged | from m Lake Kemp, reservoir, on 1 Wichita 
near. ‘Wichita Falls, Tex., a battery” of concrete pipes with inverts 

at or below the elevation of ' the river bed. . The control gates are about — 

midway the length of the conduits, allowing the up-stream 

pipes to be exposed to pressure : at all times. There is evidence that the 
liquid mud rom the place of deposition in the old river channel, 
down the channel within ‘the reservoir r until blocked by the closed 
outlet gates. On “opening ‘the gates, the first. Tush of water carries a 


heavy load of silt, but after ‘discharging all mud within easy reach of the ; 


itil The general arrangement which provides for the outlet at or below the — 


q 


the river ‘channel several miles ‘where it is diverted into ‘the main ie 


‘elevation of the bottom of the | ‘stream channel and the diversion of water 


to canals at some distanc e down stream the storage dam is favor- 
Gat able for the discharge of deposited ‘silt of the aforementioned character. In 
of the Texas” "reservoirs the highest elevations of t the bottom, in 


i 
paper by Nathan G. Grover, M. Am. Soc. C. Charles Howard, 
ep Esq., was published in April, 1937, Proceedings. “This discussion is presented in Proceed- 
4mgs in order that the views expressed may be brought all members for further 

44 Engr.-Appraiser, Federal Houston, Te 
* Received by the Secretary, April 29, 1937. aL 6 
B8"“The Silt Load of Texas Streams”, by Orville A. Faris 
: Bulletin $82, U. 8S. Dept. of Agriculture, 1933, pp. 37-39 
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June, ram ON TURBID WATER ‘THROUGH LAKE MEAD 


eross-section, are on nmediate banks» of. the stream 


a. 


4 


A. 


therefore, none of t the silt that is deposited - on the wide flat areas between ; 
the elevated Tidge near the channel and toe o of the slope from the 
upland, can flow into old | channel and ‘ultimately reach the outlet struc- 
‘ture. It is "believed | to be advantageous to clear reservoir sites of brush, i 
trees, and stumps, and to construct channels w with a view to conveying Ss % 


the liquid mud, resulting from the > deposition of suspended silt, 


old stream channel and thence through the outlet gates. 


As further evidence that deposited silt, in form 
“flows down the slopes on reservoir bottoms, attention is called to. conditions 


reservoir was empty. eareful i inspection the 


on the large flat. areas in the reservoir ‘bottom: ware, void of silt deposit 


although they had been submerged by water tc to ‘depths ranging from 
to 100 ft. for long periods of time. id On the other hand, all” depressed ae 


on n the fi 


~The dry xy per foot a pom of 


comb” structure, taken from the bottom of Lake Worth, near Fort Worth, 


and “composed largely of colloidal sizes, contained 18.7 Ib. of oven-dry 


ry 


material per eu ft of deposit. On the basis of 2. 65 for ‘the specific 
of the dry ‘material, water occupied 88. 59% of, the _space and the absolute 

voids amounted to 88. 66 per cent. “4 sample the bottom 


rity 
Kemp, consisting of sizes -erresponding to clay particles, contained 37.05 
Db of oven-dry material per cu ft of deposit. On the basis of 2. 658 for the = ‘a 
ei ‘gravity of the dry material, the space occupied by water was 


6. 76% and the : abeolute voids to 77.63 per cent. 


© The water capacity, volume undisturbed soils, ‘below the water- 


_ table, nee from 31.3% for very fine sand to to 49% for ‘marly loam. Com- er a 
Paring ‘the water “capacity of marly with that of | the sample silt 
the 
latter has greater capacity by 40%, than the’ former. This greater 
“capacity is due to the difference in structure of the man of soft silt 
deposited, from suspension, under “water and ‘remaining ‘submerged. 
The "excess water held in the silt deposit by virtue of structure is Tib- 
erated so slowly upon exposure of the deposit to the sun and atmosphere 


vader water and remaining below ‘the table, will continue indefinitely. 


This is evident from the soft character of lying ‘material in peat 
marshes, This soft material deposited. ages ago and still retains the 
“honeycomb” structure on. account of its position below the water- tabl 
a release of the excess water can be accomplished only at the surfac 
of the deposit, therefore, in large reservoirs, consolidation of such cape 


can ‘not occur until, the: stored water drawn down exposing 
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1210 JONES ON TURBID WATER THROUGH LAKE MEAL Discussions 


. Jones,” M. Am. Soo. Cc. (by letter).”* —The 


"transportation of silt through large reservoirs will, n no doubt be of great 
an interest to engineers, and it is hoped ‘that the work begun by the authors 
_ may be continued. i. _ However, it is the writer’s opinion that studies made 
 eetering the turbidity of water passing Boulder Dam in 1935, or even 
the lake has been completely» filled, should not be given much weight 
connection with transportation of silt in the future. 
There ‘were certain topographic conditions that , no doubt, greatly 
oy the turbidity of the flow at Boulder Dam, especially during 193: 5. The | , 


canyon above the d dam, general, j is in the shape of an are, with 


the: inside of the arc on the side of diversion through Tunnel No. 1, on the 


Nevada side. is reasonable assume that currents of _water 
similarly to currents of air, and will move toward the inside of the curve 


instead of following the “original channel. or heavy air follow 


the inside of a curve, or the shortest distance, as may be observed in a 
tunnel constructed on a curve. would s seem fair to expect ‘the greatest 


number of contraction cracks in the concrete lining of a tunnel on the 


At at Boulder Dam, which about 30 ft 
or back of ‘Tunnel No. 1 1, the contractor constructed a railroad grade down | 
canyon» on the Nevada side, principally from tunnel muck which was 


reddish brown color. Below this grade, on the same side— of _the 


Rove the entrance to the canyon, : and also on the inside of the are , blow- 
sand drifts” extended i in general to approximately Elevation 8 800. About 
three” miles above the entrance to the canyon, there are at | present (1937), 
= or there will be, two rock islands | which were connected by a blow- at 
ridge, and the ‘original | current flowed east of the island farthest, cast. 
oe a check is made of the dates of turbidity of flow ‘through the dam 
and lake-level elevations, will b be found that the first turbidity occurred 
Be soon after the sand- bar was well covered; ; the second turbidity occurred soon 


sr the railroad gr 


canyon, at about Elevation 650, was a comparatively large -sand- bar. J — 


ade was well covered, and ‘was much redder in color 
the usual Colorado 1 River water; and that, a turbidity occurred soon after ¥ 


the ridge between the two rock islands” was well covered, and at about the 
Gee that a change in current from the east side of the small isla nd to. 


towers, the canyon little blow- sand or § ‘silt, it is not likely that 
below the will again occur to the extent observed in 1935. 
This discussion is n¢ ‘not written to contradict any of the: statements ‘made 


we, but as a a possible explanation for the amount of turbidity = 


rent was “being changed gradually to new ¢ and ground, due 
the fact ‘that the canyon: immediately above the dam takes 1 the fom 


outside of ‘the curve, but the reverse is true, as the a 


= the west side, would be expected. At the level of diversion through - the | 
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of an are,» i 

well: understood that river water carries 

lodial silt in "suspension, and "studies relative to this material, no 

would be of great benefit the Engineering Profession. For “example, 


there is a ‘shoal in ‘San Francisco Bay, just west of Mare Island, which his 


composed entirely of collodial silt « deposited where the fresh water of the rivers 
come in contact: wa a certain: percentage of saline water from the ocean. — 


Since the effect of tides. is ‘noted as far up the Sacramento River as he 
— City of ‘Sacramento, and the -collodial | silt is not deposited until it reaches 
a point nearly 100 hundred miles distant, and is there precipitated by «ae te 


is “reasonable to expect that a large quantity ‘silt will be trans- 

Cart SCOFIELD Ese. (by letter) "Hydraulic engineers are fortu- 
nate in having available in precise form the ‘information concerning 
a phenomenon that has been reported ‘hitherto only in general t 


erms. 
Observations that different waters may move together the same strea 
channel with little blending, and that water may flow into, or through, 
‘reservoir: little or no mixing, reported b before but only 


4 


cireumstantially. The “findings ‘reported by Messrs. Grover and Howard, 
therefore, challenge” attention and invite further ‘inquiry. The reasons 
underlying the phenomenon described remain obscure. 


‘The assumption that different: ‘solutions brought togeth 
fame container w would blend into one 
runs counter to daily experience. | 

cup of coffee after the cream | and sugar are added. In the case of reser- 

such mixing as s occurs may be due i in part to “the effects of currents” 

p set in motion by inflowing wa water, by 7 wind action on the surface, or or in ‘part a a 

to “inversions” caused by temperature changes that affect the specific gravity 

of the For example, if the surface water of a reservoir becomes 


colder than the deeper water, its | specific gravity becomes and inver- 


ry en | urbid stream water enters a reservoir in the summer, if its a 
temperature is higher and its salinity is: lower than that of reservoir water, 


the normal behavior is for the silt to. settle to 0 the bottom and for the 
water to ‘spread over the "reservoir surface. On the other hand, = 
i the inflowing turbid water i is much more saline than the reservoir water the — 

higher ‘specific: gravity” to salinity tends to. offset. the 
gravity due to temperature 80 that ‘the water tends to stay with ‘the silt 

to move into the reservoir along the bottom. 
oe F urthermore, the behavior of silt in re elation to its transporting water 


appears to be influenced by ‘relative conditions of salinity. if te 


concentration of dissolved salts in the inflowing water is less than 


Agriculturist in Chg., Div. of Western Irrig. ‘Bureas iam 
S. Dept. of Agriculture. Washington, D. 


the Secretary May 12, 


— 
— 
— 
— 
i 
op 
mn 
88 
as BA 
am 
red 
= 
the — 
— 
Re 
pa 
due | — 
orm q 
rir 


* the of ‘dissolved salts i in the inflow- 
water is higher: than that of the reservoir water, the ten dency 
iat to retard the flocculation al deposition of ‘the silt. The combined elect 


of and of salts on n the specific of water, of course, is 


as. have pres facts explain convincingly why the 


is sometimes deposited at the head of a reservoir and, at o ther times, is 


carried along the bottom or all the way through the reservoir. 


One phenomenon would be regarded as quite as “normal” as ‘the 


have occurred at Boulder Dam and at Elephant Butte Dam. 


Me Soc E. letter). authors have con- 


tributed some valuable information regarding the character and ‘quantity 


suspended material carried through | Mead Lake. The ‘Paper: is especially 
noteworthy “since outflow conditions at ‘reservoir during ‘the period 
covered by the ‘silt. “observations will never again be experienced. During 


lake water was released through one of the diversion tunnels atl aan 


from Mead Lake a ac 


wo a 


Notes: - Daily Water Temperatures are Morning Readings; 
Monthly Mean Water are Averages | 


MEAD FROM 1 TO DECEMBER 31, 1935. 


tunnel with a 50 by 50-ft Stoney gate. Since that time water has been same 
oe Received by ‘the Secretary May 1 17, 1987. Sak 
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through cylinde r gates” intake towers. These gates are located 
_ heights of approximately 2 250 | and 400 ft above the tunnel gates. _ They w wa 


; “he used in all of reservoir ‘outfiow for irrigation 
i Unfortunately, no measurements of river water temperature w were e made ag 


at the up- -stream| end of Mead Lake ‘during 1985, However, temperatures 


of river water at th the e dam si site have been observed ‘since April, 1930. 
These measurements were being ‘made, daily, darling the ‘period covered 
the authors’ silt t observations. After storage began on F February : B , 1935, the: = 
shows the results of the observations; also the daily air temperatures, 
monthly ai air temperatures, and mean ‘monthly water temperatures. 

comparison of the » daily water: temperatures during 1935 with those 
: ‘measured during previous years shows that t the 1 reservoir inflow temperatures 
‘must have been “approximately ‘the same as, or + slightly lower than, the lake + 
4 temperatures at the elevation of the tunnel gates, during” the “periods of 


‘movement through reservoir. Consequently, the inflow 


have approximately the same as, or slightly greater than, the 
, lake densities at the tunnel, level; ; and the silty inflow undoubtedly | followed 
y the ‘original: river channel along the lake bottom to the open gates as 
assumed by the authors. ‘Since the gates “were | closed. ‘silty inflow probably 


¢ 


out, and gradually come to rest : at that level. The fine silt particles, which wis 
have been discharged with the outflow had the tunnel gates s remained 
open, a are how settling to the lake bed and are are gradually 


Measurements of water 1 temperature at different depths in Lake 


“moved along the ‘lake | bottom to the level of its density, then spread 


in Feet 


- Elevation of Water Surface of Mead Lake, in 


begun in June, 1936, and are being continued at monthly intervals. 
a The securing of samples of the lake water at | ‘different: depths, for chemical 


and silt analyses, now (19387) being considered. When such data become 
available, it should ‘be possible to discuss ‘the movement of turbid “water 


through the more adequately. The writer | believes. that, come | 


time in the future, silty 1 flood | water, having the same density a s the lake 
ry water at the elevation of the eylinder g gates, may enter the reservoir, flow eee 
id ~ through the lake at the level of its density, and be noticeable in the reservoir | a 
The conditions under which turbid flow through a reservoir 


" up-stream end of the lake, may be discussed « on ‘the basis of the temperature 


distribution within: the lake. Fig. 4 shows ‘the water temperature at differ- ine 
elevations in Elephant Butte’ Reservoir | on June 1934. Assuming 

that the water had the same salinity and was free from silt at all elevations i re 
density curve can be calculated from the temperature curve. . Such 
show approximately constant densities from the bottom of the 
to about Elevation 4 270, then ¢ gradually densities 


the inorenses: t toward "surface. 


instead of along the bottom, » or r instead of being rapidly ‘diffused at the 


>. 
: 4 Ge 
q 
TER | 
— 
tes, 
the 
on 
sed 
j 
4 


THROUGH LAKI 

entering with a “density greater tl 5 
would be expected to flow along the original ‘river 


dean beneath the body of the lake. Similar flows, , entering the: reservoir 


with density same as the lake 
water below Elevation 4270, would be 


Water Surface El 4349.70 
expected to spread out laterally and 
Vertically: through ‘the entire reservoir 
ahs 
section below that. elevation. However, 
silty floods entering the “reservoir with 
some elevation above 4 270, as, for 
instance, at Elevation 4 300, w be 
expected to ‘spread out that 
ole vel ‘and to flow ‘through the 
“approximately that elevation with- 
0 out diffusing through appreciable 


‘tical distances, just as the did 
the laboratory | experiments described | a 

ance of silt outflow is 

probably de nue 

t 


upper end of the 1 reservoir until 
silty flow “has had time to reach 


_ Temperature m in existing reservoirs ‘show: that 


“approximately through the entire vertical section. At such times 
ere 


flood flows, entering the 1 reservoir with a . density the same as the : reservoir 
water, would be expected to diffuse laterally and vertically through the . 


entire cross-section of ti the reservoir. Consequently, under such conditions, 


on exceptionally large. ‘sail long-continued inflows would cause movement 


* 

The writer doubts whether will ever be desirable to design irrigation 


outlets s ‘80 ‘as to secure a maximum outflow of turbid water. As “men- oa 


_ tioned by Mr. Fiock, in the reference cit cited by Aer authors, tl the silt discharge a 

at such times would be deposited in the canals, or carried through the 


canal systems, and deposited on “dhe farm land s, “either of which 
However, investigation of the problem is well” worth | 


while from the scientific standpoint, even though the studies: may produce 
no results of “great economic value. authors have rendered 


d 
— 
— 5 
6 
— 
— 
— 
— 
= 
— 
— 
ae 
4 
— 
2 
— 


“SOCIETY OF CIVIL ENGINEERS 


STRUCTURAL APPLICATION ge 
4 pe cali A SYMPOSIUM 


Messrs. A. V. Karpov, MoIssEIFF, KARPOV, | 


JEFFRIES, C. NAGEL, IR. AND R. “Woon, JEMES, 


Ve Karpov, M. AM. (by ™_The purpose of of the 


is well defined in the seven terse questions g given 


x in the “Foreword” by Mr. Jones. The ‘papers ar and the ) discussions give at 
least partial answers to each of these questions, although they show also 


that, at the present stage of engineering development, and in all probability 


for many years to come, no final answer can be given on many these 


o 


better goal can be the Structural Division of the Society t 


o keep up to date the valuable data collected in this 3 Symposium. 
Committee on Fundamentals Controlling Structural ‘Design, appointed 


the Executive Committee of the Structural Division October, 1936, 


hould shape its work along the lines laid down by this. Symposium, 


~The most fundamental conclusion that can be drawn from. the Symposium 


the impossibility of limiting the field of advanced structural engineering 
to stationary structures of fundamental character. ‘The broader viewpoint 


is necessary, expanding» into border ‘fields. of structural are 


commonly assigned to mechanical engineering, 


d Nore.—This Symposium was presented at the meeting of the Structural ‘Division 
at Pittsburgh, Pa., October 14-15, 1936, and published in October, 1936, amber, 1088 2 
- Discussion on ‘this Symposium has appeared in Proceedings, as follows : December, 1936, 
by Messrs. E. Mirabelli, R. W. Vose, Raymond H. Hobrock, William Clapp, 
_ Hunsaker, Horace C. Knerr, and F. T. Sisco; January, 1937, by Messrs. J. Charice 
Bs: Rathbun and D. M. MacAlpine, Fred L. ‘Plummer, ce we Goodrich, G. K. Herzog, John H. 
_ Meursinge, P. C. Lang, Jr., and W. L. Warner ; February, 1937, by Messrs. Blmer K. 
: Timby, Werner Lehman, Otis E. Hovey, and R. G. Sturm; March, 1937, by Messrs. BE. a 
- Robert deLuccia, O. J. Horger, A. W. Demmler, Theodore Beizner, SP: Growdon, Karl = 
i Arnstein, A. Christianson, Robert E. Glover, Arthur C. Ruge, Alexander Klemin, Paul BE. bs 
-Gisiger, Russell C. “Brinker, Arshag G. ‘Solakian, and H. D. Hussey; and April, 1937, by 
Chairman, Committee of the Division, on Fundamentals Controlling 
Structural De gn Designing Engr., Hydr. Dept., Aluminum Co. of America eae ap 
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KARPOV ON STEEL AND WEIGHT ALLOY 
s in structural elements lading 


into “fields” which are different from conventional ‘design “practice. New 
methods of attack are developing both in the theoretical and. 
handling of structural problems. Fatigue, impact, and ereep test 


the work: of the metal tenting ‘small 


methods of ‘Strain 


added to ‘the Ghent | strain measur- 
ing methods that were ‘the past; and ‘the vibrator test is 
‘This very extensive theoretical and experimental. w work, which at present 
+ being conducted i in a large number of laboratories i in ‘the United States, ome 
to ‘suffer from lack of co-ordination and insufficient exchange of. information 
_ concerning the _ work proposed or being done. _ The different testing pro- 
in the ‘field of structural research that in the 
posium, - suggest the necessity for steps t to 0 be taken to | remedy these condi- 
tions. The Society, which by its very ‘nature is interested in promotion 


of engineering knowledge without paying undue attention the commer- 


By cial aspects, is the most logical organization which could undertake success- 3 
fully such | a co- ordination and co- -operation and could bring closer together 
the different educational and industrial organizations working in the field” 


structural research. Such a co- operation would result in a properly planned 
and Co- ordinated research , eliminating and 


of the Symposium brought out forcefully the fact 


design. The requirements are becoming 80 exact that it does not seem 
probable that in the near future a universal alloy, will be introduced that 


can te take the place that hearth mild steel took in the past. 


must be chosen, depending upon ‘suitability for 


poy 
In line with the papers discussions of the Symposium there 


to be at present three outstanding problems that ‘should be solved: ined 
al more suitable definition of terms that have a clear | meaning © 


? in ‘their application to ordinary structural steel, but which lose ‘this clear- 


“ness if applied “high- grade steel alloys” to light- t-weight alloys. More 


"definitions of ultimate strength, yield ; point strength, 


‘related physical properties of materials should be developed. The particular — 
and most pressing objective would be the proper definition of yield point 
strength and its relation to other ‘fundamental properties. 


Second. —The problem, made clear the Symposium, concerns the 


4 
introducing | additional characteristics of structural materials. 
The time- honored coefficients such as ultimate strength, “yield” ‘point, and 


elongation are still the basic coefficients. that are necessary to form -engineer- 
ing judgment to the e suitability of a material ; but they are “obviously 


“insufficient: Fatigue, creep, impact, corrosion, a properties must 


also” To give a practical definition of these properties and 
to outline ‘the extent to which ‘they in n structural designs is 
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‘MOISSEIFF ON | LIGHT WEIGHT ALLOYS 


is 3 encountered ‘more. in the ‘field of 
metallurgy ; but the m manner in | which welds are made is becoming a prob- < 
lem structural "engineering. The researches ‘that "were and are being 
made have disclosed the importance of fatigue considerations in welded 

PS ema - The rer remarkable increase in fatigue ‘strength that may be obtained by 
- changes in 2 the « design « of welded joints, the comparison with riveted joints, and 

the determination of conditions under which different kinds of joints 


should be e considered, fields which undoubtedly will occupy the att n- 


en- 
Part IIT must be considered in light of the Part I, and the 
metallurgical Part “The picture” that can be gained from Part 
gradually emerging from single material stage and developing into 
multiple material designs, can be taken as guide to an understanding of 
development trend in structural engineering. self- f-sufficiency ‘of the 
structural “designer of the past As gone, probably forever. ~The best hand-— 
books “available cannot keep structural | designer abreast of the latest: 
"practice. A correct design ‘may result only from ‘the correlated work of the a 
3 theoretical designer, structural: laboratory “engineer, and metallurgist. 
structural designer wishes to maintain leading part in work, 
which naturally is his, he n ss the insight and ability to cunder- 
stand the problems of all the professions involved, as was evidenced 
such marked degree by the author of one of the papers in Part III. AOR ar: 


Part IV is the logical conclusion of the entire Symposium. Light- 


ne 


= 


weight | designs are encountered in the most recent and most modern field. 


of this field is” not often realized. Many designs: 


cannot be rationalized due to lack of engineering knowledge. The 
problems, which ‘were more— less neglected past, are becoming 
ia of the same importance as ‘the stress problems. — Corrosion, expected life eg 
span of a structure, fatigue and properties, and stress | 
are problems whose importance i is considerably accentuated | these 
‘designs. is ‘interesting to note that these problems are of ‘particular 
in two s structural “fields which as far apart as can be 
—in a aircraft and i in long § span bridges. The modifications of 
design formulas that w were ‘proposed during this Session of the 
aged accepted as a clear indication of the necessity to con-— 


sider the difference in properties: of new pager as with structural 


i 

M A letter): ~The valuable # 


Fa “papers presented in the Symposium and ‘the many discussions it has brought 
forth testify to the timeliness: of the undertaking, The Society, through its 
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MOISSEIFF ON STEEL 


and the e experience of pre in the of metals 
in fabricating them, in the planning of structures, and in their design, : 
"erection, and “utilization. The Society, moreover, been fortunate 


‘securing a group of papers which has” proved enough provoke 
a many- ‘sided illuminating discussion by men of information and 


the Symposium | wisely did not attempt to offer complica 
al analyses and subtle. “discussions of the various , phases of struc- 


built of metal. Instead, they have presented to the profession | 


thoughts which have ‘matured in their minds during many years of experi- # 
ence, in making and forming of metal and in designing and building struc- 


tures. The Symposium been successful in producing a representative 
eross- section of “current American engineering thought. comprehensive 


- study of the papers reveals the present trend of structural development. =. ok 


The Symposium has brought forth a symphony of memad instruments. s. The 


3 and of the many, structures must be efficient: ‘and eco- | 


nomical. They must be built of materials which possess sui suitable qualities 
to fulfill the ‘special requirements and functions, and they 1 must be work- 


_ able, dependable, uniform, ar and enduring in order er to justify the trust placed 
in them. — It is the constant business of producers and fabricators to search 


test the products of the mills and shops, to -establis capaci 


din of their materials in and endurance, in 1 economy comfort. 
Only then the fullest knowledge of materials and structures will be 


ed w i aim have been attained. | To this” knowledge it 


upon engineers to “study the true behavior of "structures under the 


action of forces” analysis and strain measurements, 
int laboratories, and by observations in the field. 
an ‘Symposium shows that engineers are realizing ‘that the “elementary 


eae: ta analyzing structures was well enough for the smaller “dimensions | 
where cheaper materials could be used and some of it eould be wasted, but 
hat for large structures the most suitable material is demanded and almost 
all of it should be utilized. Engineers ‘realize that a deeper | insight into the 
behavior of structures is required and that much of it can be attained by 
modern methods. of analysis and search, and they that the application 
ai of such knowledge is imperative in the design of ‘important ‘structures. It 

“must. not be forgotten that the admission of higher ‘unit stresses and larger” 

strains demand ‘more care in analysis and proportioning all advance 


irection is based « on the mental 
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A. V. Am. Boo: C. E. (by letter). “—The | purpose the 
to bring to the attention of the structural designer the fact 


1 the theories on which structural designs are based by no means ca 
be considered as perfect. These theories are based not only on approxima-— 


tions but in many instances assumptions that. are contrary present 


knowledge. ~The result ‘that instead of developing theoretically correct 
methods , structural research is leaning toward a larger use of empirical 
and d not correlated coefficients. The _ developments of fatigue data and 
stress concentration | factors are Probably good illustrations of this’ thought. 
Professor Mirabelli’ s discussion gives an interesting method of a ‘more 
satisfactory correlation of the experimentally determined stress-strain: rela- 
and the actual behavior of structural elements. Such 
should be conducted extensively. H Horger raises a number of 
important « questions in his short discussion. The boundary conditions and 
_ their influence on stress distributions is a problem that requires considerable — 
. additional study. If the influence of boundary conditions is accepted then 
there should be a different stress distribution within the thickness s of 
_ material and at ‘the boundary. Figs. -8(a) and 9 are indicative of the most = 


ay probable change of stress distribution at the boundaries for specimens b 


jected to tension-compression and bending, respectively. The additiona 1 


— data with reference to fatigue strength, size effect, and stress concentrations 
gn 
‘are not yet available and, therefore, the last “question asked by Mr. Horger 


_ ‘The writer does not L agree with | Mr. Glover's conclusions that the investi- 


gators” of the past ga gave all the 1 necessary information that c: can be further 
developed. Theories based on incorrect assumptions cannot satisfac- 
torily developed beyond very narrow limits, His work on trial load 


*_Not « 


some additional “uses of models. In “commenting on. merits that he 
which obtain when stainless steel models fabricated 


satisfactory it is probable that any one 
would be familiar with all the recent developments s in model testing and — AY, a 
analysis, it is apparent that Professor imby has. assembled information 


ih group of model studies which covers the apparent range ee 


quite thoroughly. The examples cited both in the paper a and in the dis 


cussion, ‘represent considerable evidence to show ‘the increasing: extent of 


the use of models in various engineering fields§ 


Designing Engr., Hydr. Dept., Aluminum Co. of America, Pittsburgh, 
Chf. Engr. of Tests, Aluminum Co. of America, New Kensington, 
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gage Mz, Belener was introduced. 


as was ‘stated | in the paper, , there is still considerable of the equa-— 


10 
pectin factor which must be considered in obtaining and. 


was s that the "stresses “were also reduced photographically. Conse-— 


ae quently, if it was not sufficient simply to rely upon the model test directly, | but 

ae to use it to substantiate the theoretical development for this - type of load- 


oF deme The example suggested by Professor Ruge appears to be likewise of this 
type. ‘and, therefore, an excellent, to ‘illustrate the point raised. The 


-plate problem that he has” mentioned will not give > exact similitude 


model could be scaled down photographically, the 


that of the prototype in. the same pr proportion as the scale ratio. 
Professor Klemin’ s reference to full- “sized structural te tests” of aircraft 


is an excellent example of a case in 1 which the load conditions on n the 


orated, in in ‘paper. Bid In “reviewing discussions “briefly, 


taken up in ‘the order in which appeared. 
In his ‘excellent discussion, Mr. 4 emphasizes the 


producing a truly two- -dimensional state of stress. 
"never 3 really occurs. In order to have | a plane ‘State of ‘the plane 
plate y) ‘should be infinitely thin, and i in the case of plane strain 


the plate should be ‘infinitely in order ‘to comply completely with 


Poses 
mentation, of course, ‘finite model thickness is Con- 


It is true that these stresses ‘will be effected to some extent by ‘the lateral 


Bureau of Reclamation, Denver, Colo. 


¥ 


the modulus of elasticity for the model would not be reduced from 


actual structure are so indefinite to make model testing un- 


f 
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1 and actual str ies in the two m tion 
— experimental an f the elastic properties in | errors of experimentation 
— the ratios of maximum e ‘is 


e expected to be less and often may 


Vose calls attention ‘to the convenient portable reflecting polariscope 


of great help in the type of cbesrvations ‘mentioned in in his diasussion. eae 
In a very lucid discussion Professor Rathbun describes number 
of experiments with ‘riveted ‘eonnections. very ingenious technique of 
materials of. varying optical sensitivity no doubt will prove extremely, 
useful in the fature. The aforementioned three-dimensional 
‘now become acute. Tt was this problem that the writer had in mind 
stating in the “paper ‘that the elastic properties of ‘the m odel materials 
should: be to imitate | as. closely as possible the conditions the 
“prototype. to plastic flow, the w writer has had difficulties in calibrating 
the “highly. ‘Sensitive materials, accurately. Professor ‘Rathbun’s discussion 
rings out clearly the truth of f the state statement t that -“photo- elasticity. has 
its value, is to stay, and new apparatus, model materials, and 
his very valuable discussion Mr. Timby explains clearly the | 
"contributing: reasons for an adequate safety factor. The writer is in full 
agreement with viewpoints. ‘The live loads, including wind nd 
_ temperature effects, seldom accurately known and can only be — 
types of structures, as for example, bridges, buildings, _ ships, 
ete. . In such structures as dams these effects are defined more clearly, but 


many other uncertainties enter, _among may earth-— 


“rials i in the dam | proper relative to those of ‘the foundation. The photo- 

“elastic laboratory of the U. 8S. Bureau of Reclamation proved extremely 2 
useful in connection designs of hyperstatic structures (for 
large drum- gates) obtaining the _most economical sections. 
The discussion by ‘Mr. Solakian deals to” extent 
with the history of ‘the fundamental physical phenomena, which enables 
present- “photo- -elastic experimentation, He argues’ the polari- “2 
scope designed and constructed by the ppreirrren at the California Institute — 
of Technology and having ‘the large field lenses replaced by aluminum- 
coated parabolic or spherical mirrors, will be less popular ‘since the intro- 


duction of. ‘new “polarizing media.” These polarizing glass “plates” 
replace the more expensive Nic ol prisms. The writer 


of the U.S. Bureau of Reclamation, has proved highly satisfactory in its 
“ap application. The polariscope is now being > only in: 

experiments, which merely the boundary stresses: are: needed (2) 
design studies’ ‘order to o obtain: an ‘optimum section, which 


is then a analyzed in detail by the ‘interferometer: and (3) for checking 
“the Principal stress differences obtained in interferometer. 


— 
— 
— 
— 
i 
" 

le 
a 
at 
st 
it 
ne 
1in 
Ee 
in 
on- 
ed. | 
ral 
een 
sed 


pe 


JEFFRIES ON STEEL AND LIGHT W EIGHT ALLOYS Discussions — 


I 

; direction in one ‘operation, ‘whereas Favre obtains the direction and 

t 


‘alloying elements, ‘such as ‘molybdenum 

will” open up new fields to the stainless alloys, and will 
vee greatly in the actual | fabrication of some e of these alloys by making 
them more easily handled and ‘possibly ‘more nearly “Fool- -proof.” As time 


- goes « on and improvements follow experimental work, these alloys will come 


at 


into more ‘and more ‘prominence and broader use with the civil engineer 
as they have already been a boon to. chemical and industrial engineers 
Mr. cites. the of ‘stainles iless_ bar bars in connection with | 4 
screws “protecting the turbine intakes" “against: floating logs, trash, 
ete., of the Holtwood Plant, of the Pennsylvania Water and Power Com- A 
‘pany, Holtwood, Pa. This” an excellent example of the -Teduction 
in weight made through fhe use of corrosion- -resistant stainless: 
decreasing the "area gots 
‘connection with welding these stainless alloy to structural 

steel, the writer found that, in general, heavy, flux-coated t 
alloy electrode will give the “most ‘satisfactory weld. 
"steel ‘electrodes are 1 used, the | weld metal (which will have 
ere “section than the structural steel) will be subject to any ! 
localized corrosion that may set up as a result of the stainless alloy on 
being in contact: with | mild | steel. Tf the weld, ‘itself, is stainless, then th 


corrosion will transferred to. the heavy, structural shape, which will 

be much “more capable of distributing minimizing ‘its effect so as 

to be very little” consequence. 


a In laying ‘a stainless weld on mild steel, it is best. to deposit. at least 
two beads on top of each other to eliminate the effect of pollution from 


iv 


at 


ote. 


the | steel. The lower ‘bead fused to the steel will ‘be less corrosion resistant 
than 1 the record o on ‘subsequent be ads. Such applications well illustrate 


previous statements as to the broad use of stainless alloys in the 


"The writer would like to take this opportunity to thank the several com 


(by letter)" | commenting on the writers paper, Mr. Hobrock “has. 


=> —_: toe Bras 


oni Chi, Metallurgical Engr., Central Alloy Dist. | Corporation, Massillon, 

1% With Incandescent Lamp Dept., General Electric Co., Nela Park, Cleveland, ‘Ohio. | 


Cht. Fabricating Div., Aluminum Co. of America, 
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to any , but all. it applies less 


lis- to those older metals for which many years of use in a a particular s service 

as have built a present satisfactory practice by the process of ‘ “cut. ‘and 
ip ” the soundness of which has been well proved or t least 
ere accepted, In p passing,” it might out ‘to suggest that fol- 
um _lowin d 
vill a uite adequate yesterday may inadequate ‘tomorrow—if “not to- 
ing ngineers should not necessarily or materials to- 
ime t were satisfactory a few years ago. 


eer of the "properties materials, and in the of 
i _ improved products. possessing superior qualities, range of sizes and forms, — 
me and closer tolerances. _ Furthermore, the manufacturer is constantly enlarg- = 
ith ing his: knowledge regarding the properties of ‘those 1 materials, 


is the latter point that Mr. Hobrock has emphasized. Some ‘danger 


om- from a commercial angle, may lurk the possibility that purchasing 4 
agent, becoming aware of the existence of characteristics other than those 
less commonly mentioned in purchase specifications, may ‘unnecessarily include 

‘ded _ specifications covering non- pertinent properties. 7 | evertheless, as Mr . Hobrock © 
ruct properly states, the satisfactory “performance of structure may not 
= upon the “more” commonly _Dublished properties, but. possibly upon 
ural other as, , for example, the strength at certain elevated 
ated Although ‘these other fields of properties have not been 
fully charted, a substantial beginning has been ma ade, and the knowledge 
have available ‘should be put to use. _ This’ should not result in every writer: of 

any “materials specifications attempting to state and define’ the limits of every 
alloy conceivable characteristic (that would | be utterly unwarranted and abusive 
the of human intelligence), but it does” that the engineer should 
wl to just what actions his stractuse will be subjected, : 
> a8 ten ascertain from the manufacturer what information is available as “a 
the properties of his product with respect to those conditions. One ‘should 
least “not expect: that the desired “ ‘road map” will by be forthcoming in all details, 
but in ‘many cases 1 useful “land marks” ‘ean be shown. 
stant Mr. Hobrock’s contribution to this subject of “consulting: the 
trate deals ‘mainly ¥ with the uncommonly published properties of alloys. ‘This 
aulie important. — The writers’ main reason for presenting this thought was” 
somewhat different, although not at all contradictory. Progress con- 
com | being ‘made in the perfection of range of dimensions, 
This is of special importance i h 
is not confined to that field. 
sillon, 


in of | a casting, f 


hio. 


urers 
Quite q 
= 
— 
— 
: 
n as to how the prod- ae ‘a: 


bs Discussions 


uct to used, ma permit of a more favorable method of gating, 
in turn, may lower the cost of the ‘product, or may p permit the production 


Ne a casting in which the metal at critical locations will possess more 


lloy is defined be ts composition alone. The properties vet. Alloy A, 


a 


may well be different when i in the form of a thin “sheet, 
rolled shape. The processes by which the original ingot is 

converted into various wrought shapes differ” widely and, hence, 

the final characteristics n may differ. urthermore, the characteristics of the 
ingot, (caused by method of manufacture and the dimensions) may 
depending upon particular wrought product for which it is” 
d. The structures of t those different ingots are not all alike, and — 


of this: original ingot ‘difference may affect the final character. 


istics and, henee, | one should refer to alloy” 


any 
published tables fail to whether properties stated 
alone, to. forgings alone, or to rolled shapes, ete. When using any table 

design "purposes, “therefore, on should know o what particular type 


will be admitted by all who are actively interested in ‘the corrosion prob- 
lem. Engineers are concerned "primarily with the serviceability of materi- 


als, and a ‘systematic study which would evaluate their utility in particular 
types of service, or would enable one to apportion properly the effects of 


service factors, would be invaluable in enabling more correct appraisal 
and use of metals to be made. _ Service data have been gathered in con- 
siderable amounts, largely by individual fforts of "competing manufac- 
turers, with release prompted largely the "biased discretion of the 


Actually, the task: is of complexity magnitude. One must 


indisputably parallel conditions of service; they 


must remain ‘undisturbed throughout their “service life; and, "Particularly 
inte est and records must be kept alive through the long life span of many — 


metals in 1 many "services. Ib corrosion testing, the temptation 

ecelerate the test, or ‘attempt to control: conditions in a “laboratory 

set-up. With such procedure, unbalaneing of the several factors involved 


ll probably seriously distort the results as compared. with what might 
appear to be similar: conditions actual service. "Furthermore, results 
a controlled or specific type of “service are applicable only to that 
ondition, and cannot be ‘interpreted broadly. ‘Finally, failure 
material is the e only true end ‘point of a test, with the criterion of failure 
dependent upon the commodity involved an and the service requirements. 
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June, 1987 HARTMANN: ‘ON STEEL AND: LIGHT ‘WEIGHT | ALLOYS 


By 


way of one may cite the metal tests by 
“the Corrosion ‘Committee of t the American | Society for Testing ‘Materials. 


tions. The tests ‘were carefully planned, "were -earried out on a -compre- rat, 
“hensive scale, and "were painstakingly observed and recorded. ‘The con- 
tribution to knowledge has been of. great value; yet 1987 sees the passing 


.< the twentieth anniversary of the tests, with a clearing up, at best, « 
_ only a few points related to atmospheric « exposure , of bare sheet steel. "There - 


is still almost as ‘much controversy a: as in the beginning due to disputed — 3 4 
‘3 points in ‘the conduct of the tests; or a doubt regarding the practical value Se & 


of tests of bare sheets when: actual utilization requires paint or metallic pro- 


tection; and particularly because in in a year many “el or 


uncertainties arguments formerly prevailing with respect to 


C. Hartmann,™ Assoc. M. Am. Soc. C. E. (by ) —Many_ of 
those who have discussed the writer’s paper commented on various 


shop Practice, his excellent of the design ond 


the need great ‘care e in workmanship. 


doubt as to whether the average shop practice for structural steel is _ oe 
suited for aluminum alloys. Mr. also emphasizes the need 


careful shop work, but states that aluminum : alloys ‘present no new 


problems ‘the sl shop _experienced 1 producing a high quality of _work- 
manship in other metals. . Lehman states that with proper instruc- 


tions one can rely” on the “shop to handle the material properly so that no 


parts are damaged. All these “viewpoints may be | ‘summarized a the 
‘good shop practice”. In the writer’ experience with fabrication methods 


in various types of construction, he has yet to find the shop which, when 


properly instructed, cannot produce a first-class aluminum alloy structure. 
question riveting aluminum has" received some attention by the 


discussers. Mr Lehman describes the “use of hot- -driven steel tivets 
aluminum ‘structures and Mr. deLuccia describes cold-driven rivets, 


which is 8 newer development. To complete this picture a number of 
examples: the use of aluminum alloy rivets could be mentioned as, 


for instance the truss- traveling cranes of 76- ft spans built in 1930 


fabricated ‘throughout with hot- driven 0.75-in. aluminum alloy rivets. 


Professor Hunsaker has questioned the advisability o of using steel rivets 


aluminum structures because ‘the possibility. corrosion at the 
junction of the two ‘metals cases where the paint protection is s not 
4 adequate. | The possibility of such corrosion cannot be denied, and because a 


of this possibility steel- riveted -aluminum- alloy structures receive 
adequate paint protection. On the other hand, tests have shown that 


unpainted full-sized structural joints, involving hot- driven steel rivets, sub- | % 


_ 3*Research Engr., Aluminum Research Laboratories, Aluminum Co. o merica, New 


Received by the Secretary May | 5, 


— 
h, 
as 
he 
is | 
nd 
y am 
ny 
le 
deLud 
— 
ns 
— 
— 
lar 
— 
— 
| — 
— 
ust 
ny 
ved 
— 
ght | 
a 
alts 
hat 
ure 


HARTMANN ‘ON STEEL AND LIGHT WEIGHT ALLOYS 


to sea- years retain their original strength, 
it should be remembered in this connection that visible. 
sion can occur without appreciable reduction of strength, inv 


structural shapes and plates” which have the advantage of 


to the thinner materials used in aircraft. 
Both Mr. deLuccia and ‘Mr. Growdon have co commen: nted on the 


especially with _Teference to the question of deflection. 
particularly pleased with this phase of Mr. ye description 
the bulkheads of the Gallipolis ‘Dam. It is quite evident that these 
‘structures arbitrary limitations based on conventional practice were” not 
‘permitted to interfere with the logical development of ‘the design of a 
light-weight to serve a specific purpose Aluminum structures, 


of course, can be designed without this approach the problem, but 
Maximum and minimum weight: are rarely attained without it. ff 


Sturm’s 3 discussion presents refreshing and thought-provoking 
concept, of ‘the ‘relation of bulk of metal to stability. Stability problems 


are almost certain to be encountered more frequently i in light- -weight ‘con- 
ruction than jin conventional construction, whether t the weight savings 
are accomplished by the use of light-weight, _low- modulus materials, or by 

u use of thin sections of the heavier materials. The question of bulk 

of. metal is important in both instances. the structures made up of 


sections of the heavier metals the reduction bulk compared to 


5 entional | construction is largely responsible for the stability ‘problems — 
encountered ; and in -light- weight materials” the relatively greater bulk is 
advantageous i in overcoming effect of lower modulus, 
Professor Plummer has suggested a more complete treatment the 
economic factors which influence the selection of, materials for | light- weight 

this ‘connection, this writer pleased to note the ¢ com- 

ments of Mr. Lehman, Mr. Growdon, and Mr. Christianson, indicating that 

in three fields as widely, separated as construction “equipment, bridges, and 
railway cars, problems in “economies: arising in connection with specific 


applications of aluminum m alloys. been solved satisfactorily. 


. 


Tehman’s i interesting statement that, “the selling of a benefit is often 


difficult than the proof economy,” no doubt will be echoed with 
‘feeling by all who have been associated with ‘the 


P 


‘in the paper. pointed the paper, ‘there are 


+ 
such alloys. available, and the selection of the best . one for ; a a specific purpose : 
involves a a consideration of many factors. The day has passed when 


be familiar enough with all available materials 


to make his ‘selections ‘the of his: 
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certainly include consultation with the producers of the materials. 


